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Evershed flow or differential pressure 
transmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 

conditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 


Where measurements 
matter most— You will find 


instruments 





Evershed simple analogue computer, 
Type ER. 92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day to day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 


INSTRUMENTATION DIVISION EVERSWHED & VIGNOLES LIiMiT?tT € o 
ACTON LANE WORKS LONDON W.4 Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 
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»peration PROGRESS 


Ys 


150 MW Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 


but also to meet export requirements. For stations of similar type for 
250. MW construction overseas, detailed design studies have been completed 


SEN BABCOCK TAYLOR 


WOODROW 


BABCOCK & WILCOX LIMITED TAYLOR WOODROW CONSTRUCTION LIMITED 
Babcock House, Euston Road, London, N.W.1 London 


ELECTRIC  & WILCOX 





THE ENGLISH ELECTRIC COMPANY LIMITED 
Marconi House, Strand, London, W.C.2 
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CON-TEN 


(Regd. Trade Mark) 


constant tension 
supports 


FOR LOADS UP TO 8 TONS 
PIPE MOVEMENTS UP TO 18” 





y 


eBetbearunr 7% 


















* 





High-pressure steam piping is subject to 
wide variations in temperature, which pro- 


me) Toy 


duce considerable expansion and contraction. 
Unless the pipe supports can absorb and 
compensate for this movement, severe 
stresses are set up which may result in 
fracture. The “Con-Ten” Pipe Support is 
designed to cradle any type of piping with 
constant tension under all conditions, 
throughout the range of movement. “ Con- 
Ten” is installed, with eminently satisfactory 
results, in power stations, oil refineries, 
chemical and industrial plants throughout 
the world. 


British Patent No. 474008, 720074, 720075, 697987, 657318 
U.S.A. Patent No. 2129320 












Ferryoridge *B* Power Station, Central Electricity Gener- 
ating Board, Yorkshire Division. H. P. Steam pipes supplied 
and installed by Stewarts and Lloyds Ltd. 





cewireed Ked Top Pipe Conventional type “Con- Duplex “* Con-Ten” Supports 
Supports for loads from 100 to Ten” Supports for loads of up forloads of up to 8 tons witha 
,000 Ibs. and total travel of 3”, to 2 tons with a total vertical total vertical movement up to 12”. 
movement up to 12”. This type is acknowledged as one 


which produces minimum frict‘on 
and kinematic variation. It has 
been specially designed for an, 
applications where exceptivnal 
accuracy is demanded, 


From graph it can be seen 
that the maximum friction is 
equivalentto 2.17% of the applied 


load. DUPLEX ‘CON-TEN’ SUPPORT 


BRITISH INDUSTRIAL | 


ENGINEERING GOMPANY (STAFFS) LIMITED 


CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. TEL.: TIPTON 1222/3/4 
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Monitor 1000 
‘readings’ every 
50 seconds with 














An accuracy of +02% and a high 
scanning speed make Blackburn Elec- 
tronics data logging equipment ideal 





for monitoring plant performance. 
Modular construction of the basic 





units enables instrument engineers to 
install exactly the right size of this in- 
expensive and compact equipment 





necessary for data monitoring and re- 





cording on their plant. Extension of 
the logger by multiples of 10 channels 
is possible as required. 





| Input signals derived from thermo- 
couples and other transducers can be 





scanned at a rate up to 20 points a 
second. Departure of any parameter 
from predetermined limits is indicated 





by visual and audible alarms and a 
parameter record. Alarm conditions 
may also open relay contacts for pro- 
cess control applications. The output 
data may be obtained on a strip or 
page printer or paper tape punch and 
will comprise parameter identification. 
value and time, etc. 











A complete log of all parameters may 
be obtained on demand and at regular 
intervals. 

















BLACKBURN ELECTRONICS LIMITED 
Brough, Yorkshire Telephone: Brough 121 


———e 
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is actively concerned in the supply of equipment and material 
» With special application to the Nuclear Power Industry 
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Primary and Secondary surface 


heat exchangers, Condensers, 


Air and Gas coolers, 


fotelale lati -1 miele) 5-4 


NUCLEAR POWER December 1959 


Tick No 6 on reply card for further details 








= 
REMOTE HANDLING EQUIPMENT 


SAVAGE AND PARSONS LIMITED 
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Suitable for thermal outputs from 50 MW 
upwards, this new small reactor is based 


upon improvements made by G.E.C. and 
Simon-Carves in the design of gas-cooled 
graphite-moderated reactors. 

While a much wider range of applications 
for gas-cooled reactors can now be fore- 
seen, perhaps the most significant aspect 
of this new development is that nuclear 
ship propulsion becomes an immediate 
economic possibility. 

For large passenger vessels and oil tankers 
costs are already competitive with existing 
oil-fuelled engines and are likely to be 
reduced still further as development pro- 
ceeds. A complete installation for a unit 






G.E.C. DESIGNS 


giving 20,000 s.h.p. occupies a space olily 
54-ft long, 35-ft wide, and 37-ft high, end 
weighs less than 2,000 tons, including 
shielding. 

Burst-cartridge detection equipment and 
facilities for the removal and replacement 
of fuel elements whilst on load are among 
the design factors contributing to the 
safety and reliability of the installation. 
A new type of fuel element is used—an 
element which permits the use of a much 
higher power density than is usual with 
gas-cooled reactors, and it is this feature 
which, more than any other, has made it 
possible to reduce the size and weight of 
the power unit so strikingly. 
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AINING RING STAINLESS-STEEL CAN 


5 A NEW REACTOR 


WITH A CROSS-FLOW FUEL ELEMENT 


ail URANIUM-DIOXIDE FUEL PELLETS 
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PART SECTION ON CENTRE-LINE OF FUEL CAPSULE 


VIEW ON ARROW (A) 
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\\FUEL-ELEMENT CAPSULE 


SECTION (1)-() 


In the new G.E.C. fuel element the usual arrange- 
ment of long fuel rods is replaced by a series of 
short fuel capsules which are arranged at right 
angles to the direction of gas flow. This cross-flow 
design results in substantially improved heat- 
transfer characteristics. 

Each capsule comprises a number of small 
uranium-dioxide pellets enclosed in a thin stain- 
less-steel can of lenticular cross-section. Anumber 
of these capsules are welded between two stainless- 
steel strips to form a ladder-shaped assembly. 
Several assemblies are then inserted into grooves 
on the inside of a graphite sleeve and held in 
position by steel rings at each end. 

The performance of the element is not sensitive 











GRAPHITE SLEEVE 


to bowing of the capsules and the simplicity of 
the capsule supports ensures that parasitic pres- 
sure losses are eliminated. 

The use of uranium dioxide instead of uranium 
metal, and stainless steel instead of magnesium 
alloy, enables very much higher temperatures 
to be safely used although slight enrichment of 
the fuel is necessary. The more compact design 
made possible by the increase in power density 
means that higher gas pressures can be used, re- 
sulting in a further improvement in performance, 
and a reduction in installation capital costs. 
Prospects for further development are good. For 
example, the use of impermeable graphite for the 
fuel cans would enable output to be increased still 
further and, because of its lower neutron absorp- 
tion cross-section, would allow a decrease in the 
enrichment required. 


ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KEN1 

















... for your 


Temperature Measurements 
CET TTRAETS within 0-257, accuracy]. « « 2 ©. 


Indication on circular scale indicators from 4” to 32” diameter 
For use with thermocouples at temperatures from below 100°C 
to above 1600°C. Accuracy, as high as 0-25%, is unaffected by 
the length of cable between the Indicator and the thermocouple 
Multi-point version, with automatic correction for varying 
lengths of cable to the measuring points and with robust 5 MA 
meter movement cost less than £5 a point for 24 points or more. 
Also Indicators and Indicator/Controllers for use with resist 
ance elements between —200° and +850°C and with tempera 
ture spans as short as 15°C. 

For further information, write for publications CAP.1 /( 
CAP.5/C 209/C and price lists. 


. EET single & 4 point |e « © e « « 


Recorders with a chart diameter of 11” and standard speeds of 
1, 12 or 24 hours or 7 days. For temperatures from —200° to 
+850°C and spans as short as 15°C using platinum resistance 
elements. Accuracies as high as 0-5% of the range span, with 
transmission up to 250 yds. or more if required. 

Indicating and/or electrical or pneumatic controlling facilities 
can be included. 

Also Recorders with a generally similar specification and faci- 
lities, for use with thermocouples from below 100°C to above 
1600°C. 

Write for publications 209/C, CAP.1/C, 200/C and price lists 


TRAM oto within OC |, . 4 ck ew 


Temperature Controllers with differentials down to 0-1°C or 
0-1%, of the range span, with temperature spans as low as 
10°C or 20°C within the range —200°C to +850°C. Platinum 
measuring elements and Controllers can be 250 yds. or more 
apart if required. 
Electrical 5 amp 250 volt control contacts, or pneumatic on/off 
control. ; 
Thousands of Fielden Temperature Controllers are now in 
use. Also, completely TRANSISTORISED, differential tem- 
perature and flameproof models. 

Write for publications 219/C, BIK.1/C and price lists. 


METIUOIOTME up to 140 points}, . , . . 


The temperature at each of up to 140 points automatically 
checked every 5 or 15 minutes. Differing “set” temperatures 
and tolerances at each point can be accommodated. 

Visual or aural alarm if any point(s) is outside preset tolerance 
band. 

We shall be very pleased to quote against your specific require- 
ments. 

Write for Temperature Measurement Brochure TB/C to:— 









































Indicating 
Recording 
FirtDeN ELectronics Lt> * WyTHENSHAWE * MANCHESTER * Phone: Wythenshawe 3251 (4 lines) Grams: Humidity Manchester 
Also AUSTRALIA, ITALY, CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES AND EDINBURGH Control 
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BUILD YOUR 
EFFICIENCY WITR 


» QA PRovucts 


Integrated experience from over a 

















century of craftsmanship has made the 
name of Osborn world-famous as a DOUBLE MUSHET” 
hallmark of quality in the manufacture 


of fine steels and steel products. 


Products in alloy, stainless and tool 
steels are manufactured throughout 
within the same organisation, and 
include castings by general foundry 
and precision methods, forgings and 


engineers’ cutting tools. 





STEELMAKERS * STEELFOUNDERS ~ ENGINEERS’ TOOLMAKERS 


i SAMUEL OSBORN & GO., LIMITED 
CLYDE STEEL WORKS, SHEFFIELD 
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FABRICATORS to. 


---- mild steel, 
| Bete 
nickel and 

aluminium etc. 





Photograph published by courtesy of 
Messrs. Sutcliffe Speakman Co.Ltd, Leigh, Lancs. 


UNIVERSAL BOILERS & ENGINEERING CO. LTD 


HEAD OFFICE: FULLEDGE WORKS - BURNLEY - LANCASHIRE : ENGLAND 
Telephone: 3121/2 and 3203 Burnley (3 Lines) Telegrams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD. Fulledge Works Burnley Telephone: 3121/2 
GROSVENOR STREET, STONEYHOLME, BURNLEY Telephone: 3184 
and BRITANNIA WORKS, QUEENSGATE, BURNLEY Telephone: 4102 
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This catalogue can help you! 
















If you require industrial 
access materials, we should 
be pleased to forward a 
copy of our catalogue. 











WELDED OPEN 
STEEL FLOORING, 
STAIRTREADS, 
HANDRAIL STANDARDS, 
HANDRAILING 
WITH 
LIONGRIP 
FITTINGS 


LIONWELD LTD 


MARSH ROAD, MIDDLESBROUGH 


Telephone: 45151 Telegrams: Lionweld 
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you should know about’ 
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What is Commercial Uranium? 


Commercial (depleted) Uranium—the uranium isotopes 
remaining after the removal of U-235 (with radiation 
exposure about equal to that obtained in watching your 
TV set)—possesses many inherent qualities of interest 
to many industries. 


Uranium has many interesting properties. 


For exemple, Davison Uranium has exceptional density 
—68% greater than lead and about equal to gold. This 
indicates usages as counterweights in aircraft, shipbuild- 
ing, tool making industries— wherever high weight and 
low volume are factors. It alloys readily with many met- 
als including aluminum, chromium, copper, iron, manga- 
nese,molybdenum, niobium, nickel, silicon and zirconium. 
Corrosion resistance is increased when uranium is alloy- 
ed with one of these metals. Davison Uranium possesses 
qigh senate sirengtt and low thermal expansion. While 

airly hard (Brinnell 240) at room temperature, uranium 
becomes very malleable as temperature rises. At 1100° 
F. its hardness drops to about 20. 








Is Davison Uranium easy to fabricate? 


Davison Uranium may be melted and cast into any de- 
sired shape. It may be formed by extrusion, drawing, 
rolling, swaging, pressing or forging. 


You can machine Commercial Uranium with conven- 
tional carbide-tipped machine tools, bearing in mind that 
it has work-hardening characteristics similar to those 
of stainless steel. 


It is necessary to machine uranium under water solu- 
ble lubricants. Commercial Uranium has been machined 
on a number of tools including lathes and automatic 
screw machines, saws, high-speed mills and centerless 
and surface grinders. 


How about welding? 


Success in welding Davison Uranium has been achieved 
using the Heliarc and shielded arc-consumable elec- 
trode process. At this date experiments continue in 
joining uranium to uranium by brazing or soldering. 
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How has Commercial Uranium been used? 


Present applications include shielding materials, tela- 
therapeutic heads, isotope containers; as counter- 
weights and static balances. And, for many years, as 
coloring agents and glazes. 


Is Davison Uranium safe? 


Radiation hazards are minor. AEC tests indicate that 





“a Week's exposure to depleted Uranium is only about 


1/10th to 1/100th the radiation received from an ordin- 
ary chest X-ray. 


However, just as other heavy metals such as lead are 
toxic if breathed, care must be exercised to avoid in- 
halation of uranium dusts. A properly ventilated work 
area removes this dusting problem. 


Must special storage precautions be taken? 


Uranium metal (except fines) can be handled and stored 
with methods similar to those used with any other massive 
metal. Fines, however, are flammable and should be 
stored under oil or water. 


is Commercial Uranium expensive? 


Not at ab? For example, in lots of 1400 pounds or more 
Ommercial Uranium is priced at just $4.60 per pound 


—considerably cheaper than other heavy metals, with 
the advantage of superior density. 


Need more information? 


A letter will bring you additional details for the appli- 
cation of Commercial Uranium to your products or 
processes. Write today to Department B-210, Erwin, | 
Tennessee. 


_ a 


qo! 


w.r.GRACE 2 co.‘ 
DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 
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Calder Hall 
Chapelcross 
Berkeley 
Hunterston 
Bradwell 








The Distillers Company Limited 


Chemical Division—Carbon Dioxide Department 
Devonshire House, Piccadilly, London W.1 


Telephone: Mayfair 8867 


Hinkley Point 









The use of carbon dioxide as a heat transfer 
medium in nuclear power stations raises many 
problems. Where storage and vaporization are 
concerned, The Distillers Company Limited know 
the answers; and they provided the _ install- 
ations for the purpose at both Calder Hall and 
Chapelcross. 

Other similar, even larger, installations are now 
being designed or constructed by the Company 
for the Berkeley, Hunterston and Hinkley Point 
power stations. The Company has recently also 
obtained the contract for the supply of carbon 
dioxide to the Bradwell and Hinkley Point nuclear 


power stations. 





NUCLEAR 


POWER December 1959 
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Vokes now offer flame-proof 
55 ABSOLUTE filter panels 


which fully meet U.S. Atomic Energy Commission, Bulletin 80 28/7/58 
and current requirements. 


2 RR Ge , 
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Vokes filters are playing an important part in the vast 
programme of nuclear development both in the 
United Kingdom and many overseas countries. A 
vital contribution was the introduction of the Vokes 55 
‘Absolute’ filter range which deals with dangerous 
dust particles in the 0.1 to 0.§ micron range and has a 


methylene blue dust cloud test efficiency in excess of 





99.95°% ... a contribution still further increased 














by the addition of ‘Absolute’ types for applica- 





tions where flame-proofconstructionis required. 





High Temperature panels are also available for use 





where operating temperatures as high as 1,000°F. 





are prevalent. 


and remember...... 


Initial efficiency of 99.95°(, against a 
standard methylene blue test cloud 
in the 0.1 to 0.§ micron range is 
guaranteed. Efficiency rises with use. 
Every Vokes ‘Absolute’ filter is fully 
and individually tested before despatch 
and is unreservedly guaranteed. 

Our engineers will be glad to give you 
full details of the Vokes flame-proof 
and high temperature ‘Absolute’ filters 
and to discuss your particular problem 
with you, in order to ensure maximum 


safety operation. 





VOKES LIMITED - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) 
Grams. & Cables: Vokesacess, Guildford. Telex. 
Telex : 13-535 Vokesacess, Gfd. | 


VOXES AUSTRALIA PTY. LIMITED, SYDNEY REPRESENTED THROUGHOUT THE WORLD 
vso2 
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ATERSON HUGHE 


ENGINEERING COMPANY LIMITED 

















A Paterson Hughes 30-ton electric overhead travelling crane 
at Blyth Dry Dock and Shipbuilding Co. Ltd.— by whose 
courtesy this photograph is reproduced. 








Paterson Hughes cranes are built in their modern crane shop in 
Scotland to designs based on their 35 years of experience in this field. 


If the Paterson Hughes range—from hand jibs to 100-ton 

overhead cranes—does not include a standard model suited to ——_ = 
. your exact needs, then a special will be designed at a 
competitive price. 









Paterson Hughes engineers will also design complete crane 

systems, extending from your goods inwards bay to the 
finished products warehouse, bearing in mind the special 
requirements of each industry. 


THE PATERSON HUGHES 


CRANE DIVISION 


Specialists in modern crane practice 








BIRMINGHAM GLASGOW 

3 Highfield Road | Wyndford Works 
Edgbaston Birmingham 15 Maryhill Glasgow 
Phone: Edgbaston 2957-8 Phone: Maryhill 2172-4 


SOUTH AFRICA—Paterson Hughes Engineering SA (PTY) Ltd PO Box 811 Johannesburg 


LONDON—Bedford House Bedford Street London WC2 Phone: Temple Bar 7274-6 
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Before Shell produced Voluta Oil 45 it was 
thought that oils which were to be used for heat 
exchange purposes must have a high flashpoint 

to reduce fire risk, and a high viscosity—to 
prevent excessive leakage through pump glands 
and to provide adequate lubrication for pump 
bearings at high temperatures. Heat exchange 
systems containing these viscous oils, however, 
were sluggish, particularly when started up from 
cold. The oil circulated slowly over the source 
of heat and suffered thermal decomposition, or 
“cracking”. This, in turn, produced low flash- 
point materials and carbon which insulated the 
heating surface. 

Shell, therefore, began investigating the suit- 
ability of oils of lower viscosity and different 
chemical constitution. From this research was 
developed Shell Voluta 45. 

Shell Voluta 45 contains hydrocarbons with a 


The Research Story 


TRIUMPHS OF SHELL RESEARCH 


1a heat exchange practice 


saturated ring structure which does not have the 
tendency that high viscosity straight chain paraffin 
hydrocarbons had—to break down at high tem- 
peratures. Because of its low viscosity Shell 
Voluta 45 heats up more quickly from cold and 
circulates more rapidly thus avoiding local over- 
heating and thermal decomposition. 

Shell Voluta Oil 45 has excellent heat transfer 
properties, good thermal stability and good 
lubricating properties. It is recommended for use 
in all closed heat transfer systems. 

The moral of the story is that Shell research 
is supremely applicational. The centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your 
organisation have any major lubricating 
problems, it pays to get in touch with your local 
supplier of Shell Industrial Lubricants. 


> 


Laboratory research to compare the high temperature per- 
formance of various oils in a rig simulating practical conditions 
showed that when oils of varying viscosities were maintained 
at an average temperature of 325°C. for 200 hours, the closed 
flashpoint of the high viscosity oils had dropped to a lower 
figure than that of oils of lower viscosity, indicating that some 
thermal decomposition had taken place. 

Experimental oils were subjected to Heat Stability Tests and 
to tests designed to measure the variation in heat transfer 
coefficient with time. The most promising of these oils was 
then given extensive field trials, both in Shell Installations and 
in industry. From this extensive research was developed 
Shell Voluta 45. 


K - THERMAL CONDUCTIVITY 
~ SPECIFIC HEAT 


V - VISCOSITY 
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Physical properties of Shell Voluta Oil 45. 

K. Thermal Conductivity—B.T.U./sq. ft. per 
hour per 1°F. per inch. 

S. Specific Heat—B.T.U. per lb. per 1°F. 

V. Viscosity—Kinematic centistokes. 


HEAT TRANSFER OILS 


another proof of Shell leadership in lubrication 
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EASURE MENT 


and CON TROL. 


G. R. will be a familiar name in the control rooms of Europe’s Nuclear Power Stations. The staff of coal 
or oil fired Power Stations do not require to use the names ‘neutron flux’ and ‘nuclear fission’ ; these and words 
like ‘general radiological’ are important to Nuclear Power Station control staff . . . so are ‘reactor flux stability’ 
and ‘demanded reactor power’. For the Nuclear Station operators the satisfactory performance of the 


reactors in relation to the demanded station power, will be integrated with that of the heat exchangers and 
turbines in the 


OVERALL AUTO-CONTROL SYSTEM. 


G.R. has been awarded the contract for the design and manufacture, in conjunction with C. A. Parsons & 
Co. Ltd., of the Automatic Control Instruments to be installed by the Nuclear Power Plant Company at 
Bradwell. 


general radiological Utd. 


NUCLEAR ENGINEERING DIVISION 
15-18 CLIPSTONE STREET . LONDON W.1. 


ONE OF THE murphy GROUP OF COMPANIES 
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These low-priced, space-saving units give full oper- e q U p ‘aamomanme 


ational accuracy, flexibility in application, and sim- 
plicity of maintenance. Details of the first three 
units —- the Scaler Type 1800, H.V. Supply Type 1820, 


9 
and Amplifier/Selector Type 1830 are given here. : ts1@l@) SERIES 
Watch for details of the Pre- 
scaler 1850, Ratemeter 1810, 


Potentiometer 1840, and 
Timer Unit 1860. 
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STREAMLINED SERVICING 


tively styled cabinets with tilt-up stand car 


























THE ‘1830' AMPLIFIER- THE ‘1820’ H.V. SUPPLY 
SELECTOR 
A lif Voltage and Current output: 
mplifier: 
Gain: x 5: x 200: x 1,000, (Positive only) 
Input Impedance: | mA Range |: 250 co 1,000 volts 
Rise Time: 250 m/u sec. 0.3 mA. 
Stability: 1%. Range 2: 500 to 2,000 volts 
Discriminator/Selector: 0.1 mA. 
Threshold: Stability: (For Mains change 
(variable) 5 to 50 V +5% to — 15%: 0.25%) 
Stability: + 0.25 V Maximum ripple (peak to 
; peak): 50 mV 
Channel Width: 
(variable) 1-50 V. Controls: Coarse: ‘off’. ‘range 
Stability: + 0.25 V 1". “range 2". Fine: continuous. 
f 1 Tubes 
THE ‘1800' SCALER Fully detailed service Manual 





Count Capacity: 99,999 counts 
ee 


OC 
SS Be" Max Count Rate 4,000 /sec 
[oo 


i It 


MUTT LLL LOL | 
Input Sensitivity: 5 volts + ve 


7 . 
| le Input Impedance: .0luF into 470k. 


PINAL 


~~ 


(evenly spaced pulses) 





Resolution Time: 275p sec 


Write for details to: 
ISOTOPE DEVELOPMENTS LTD 


BEENHAM GRANGE, ALDERMASTON, WHARF, Nr. READING: BERKS. 
Teleph Woolhampton 2121. Telegrams: Devisotope Woolhampton. 
London Office: 120 Moorgate, London, E.C.2. Telephone: Metropolitan 964! 
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Compact, 
Versatile ~~ 
and | 
Moderate | 
in Cost 








JASON 


THE PRACTIGAL REAGTOR FOR RESEARCH AND TRAINING 


Hawker Siddeley’s Jason reactor provides a large central annular core in the cubic graphite reflector 
source of neutrons at low power, is ideal for student can be placed a shield tank, beam holes, thermal 
training and activation experiments and for the columns or lattice experiments up to four in number. 
production of short lived isotopes for medical research. A further lattice experiment can be placed above the 
The Jason, which is basically similar to the Argo- core. Using 20% or 90% enriched uranium, the flux 
naut, has five forms, offering a wide range of facilities ranges up to 3 x 101! n/cms?. sec. 

and powers from 1 to 20,000 watts. Around the The standard Jason is now operating at Langley. 


Other products include: Organic Reactors for ship propulsion, power generation and heat production. 


Radio-chemical and radio isotope laboratories, and associated equipment. 


Please write to Box N.P.1 


HAWKER SIDDELEY NUCLEAR POWER CO. LTD 


. , 
Sutton Lane, Langley, Bucks. SSX, MEMBER OF THE HAWKER SIDDELEY GROUP 
Pe 
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CAST IRON VESSELS 


4 for the 
ATOMIC ENERGY AUTHORITY 









Approved by Lloyd’s for 
Class Il welding for 
pressure vessels 





One of the battery of special Cast Iron Vessels supplied to the 
U.K. Atomic Energy Authority. The body of the vessel is 
approximately 5ft. 8in. outside diameter by 6ft. 3in. high 
and the complete vessel weighs approximately 30 tons. 


ESTABLISHED 1841 
FOUNDRY & ENGINEERING CO. LTD. 


LUGSDALE ROAD, WIDNES, LANCS. L. 2251/4. GRAMS. ‘FOUNDRY +; WIDNES' 


Ww 40 
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Chicago, Illinois. The 180,000-kilowatt Dresden Power Station has now “gone 
critical.” Currently 6 months ahead of schedule, the new plant will be producing 


ag —— ea 


Rome, Italy. Construction has started on the 150,000-kilowatt Garigliano 
Nuclear Power Plant for the Societa Elettronucleare Nazionale (SENN), which is 
scheduled to be completed in 1963. The plant will utilize a G-E dual-cycle 
boiling water reactor. Shown above is an artist’s sketch. 








GENERAL ELECTRIC BWR'' 
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enough electricity by the summer of 1960 to supply the needs of a city of 200,000 





people. Dresden utilizes General Electric's dual-cycle boiling woter reactor As 
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Frankfurt, Germany. RWE, one of Europe's largest utility companies, announced 
that construction is progressing on the country’s first nuclear power station 
G.E. is supplying the nuclear reactor steam supply system which includes o 
15,000-kilowatt (e) BWR. The Kahl plant is scheduled for operation late in 1960. 
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/R’GUES CRITICAL” AT DRESDEN! 


.§.A.’s largest nuclear power plant 6 months ahead 
f schedule...full operation slated for mid-1960 












Hon October 15, 1959, the reactor at Dresden Power Station, 
Bdesigned and built by General Electric for the Commonwealth 
Brdison Co. and co-sponsoring Nuclear Power Group, sustained 
its first chain reaction. This put the nation’s largest all-nuclear 
power plant into operation 6 full months ahead of schedule. Criti- 
Scality at Dresden marked the beginning of an exhaustive series 


Sof reactor tests leading to initial production of electric power 
Pearly in 1960, and full operation by mid-year. 


Genera! Electric has been selected to build boiling water reactors 
for several other plants around the world: Societa Elettronucleare 
Nazionale (SENN) in Rome, Italy (150,000 kw); Rheinisch-West- 
filisches Elektrizitatswerk in Frankfurt, Germany (15,000 kw) ; 
Consumers Power in Michigan, U.S.A. (50,000 kw); Pacific Gas 
and Electric Co. (Humboldt Bay) near Eureka, California, U.S.A. 
(50,000 kw), and the Japan Atomic Energy Research Institute 
in Tokyo (12,500 kw). General Electric was awarded these reac- 
tor orders because (1) it is expected that the G-E boiling water 
reactor will provide the lowest power costs of all the current 
reactor concepts, (2) the simplicity of the system makes lower 
capital investment possible, and (3) the advanced research and 
development on the design and manufacture of oxide fuel 
elements enables G.E. to guarantee high fuel burn-up levels. 


Complete Nuclear Irradiation Service 


,000 


ctor 


As part of its complete nuclear irradiation services, General 

Electric’s Atomic Power Equipment Department has available 
» the most complete, privately-owned nuclear research facilities in 
| the world at its Vallecitos Laboratory. These integrated irradia- 
} tion research and development services range from basic and 
| applied nuclear research programs to testing and development 
operations requiring specialized experience and equipment. Space 
in the General Electric Test Reactor is available to you for your 
irradiation needs. Write for bulletin GEA-6934. 





i Feil 


| Let General Electric’s extensive atomic facilities and experience 
| in the nuclear power field help you in the application and tech- 
nical advancement of atomic energy. For further information, 
contact International General Electric S.A., 81 Route de |’Aire, 
Geneva, Switzerland. Or write: International General Electric 
Co., Dept. 59-95, 150 East 42nd St., New York 17, N.Y., U.S.A. 





—U.S.A.— 
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Vallecitos, (San Jose), California. Photo from above pressure vessel of 
G-E Test Reactor, rated 30,000-kw (t), shows top of reactor, in-core loop 
facilities, capsule lead tubes, and leads from ion chambers. Extreme 
flexibility, capacity, and wide flux range make it possible to elminat 
long waits by irradiation customers for “in time’’— make high neutron 
fluxes available to industry — immediately. : 





Hot Cell Lathe Station in Vallecitos Atomic Laboratory remotely per- 
forms cutting, turning, and other similar operations on irradiated mate- 
rials. Approximately 21,000 square feet of Laboratory floor space are 
devoted to test cells and supporting operations, including an instrument 
shop, decontamination and manipulator repair rooms, a “hot” chemistry 
laboratory, and a photographic laboratory. 
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WITH TRANSPARENT DUST 


COVER AND PLUG-IN BASE 
SIZE OF BASE 23” 1)" 1” 





As supplied exclusively for 


BERKELEY 


POWER STATION 








A.1.D. A.R.B. 
ADMIRALTY APPROVED 
3000 & 600 TYPE RELAYS 








NOW SUPPLIED AS FOLLOWS 


e 6 Change-overs Light Duty 


Transistorised to operate as low as 3 micro-amps 


* 6 Makes or 6 Breaks Heavy Duty A.C. Operation for: 6v. I2v. 24v. 50v. 110v. and 250v. A.C. 


¢ 2 Change-overs Heavy Duty 
and 2 Change-overs Light Duty 


¢ Double Wound Coils * P.T.F.E. Insulation 
¢ Operate and Delay up to 5 Seconds 


A.D.S.RELAYS LTD 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 
Telephone: CLErkenwell 3393/4/5 
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GET THE FACTS ON GRITMUNWE FINE NEW 


INDUSTRIAL AIR COMPRESSORS 


Where air consumption is in the 400-850 c.f.m. F.A.D. bracket, 
at pressures up to 125 p.s.i., the a 
new British made Joy WN.112 
Industrial air compressors 
handsomely meet your specifi- 
cation. Look at these design 
features — each one positively 
contributing to the efficiency 
and durability for which Joy- 
Sullivan plant is renowned 
abroad. 


FOR MINIMUM MAINTENANCE. 
Replaceable cylinder and crosshead liner 
eliminate rebores, cut maintenance time, 
restore “new” performance. Self aligning 
main bearings and box-type cross-head 
guides for low loading, long life. 


FOR TOPMOST EFFICIENCY 

Joy control requires least h.p. of any 
system. Tubular inter-cooler gives extra 
cooling surfaces. Truncated pistons reduce 
recompression loss, improve efficiency, 
give streamlined airflow. 

FOR EXTRA LONG LIFE 

Oversize spherical roller main bearings. Durable 
construction embodies stainless steel valves, steel 
piston rods, replaceable liners, aluminium pistons, 
mehanite frame. 

FOR EASY INSTALLATION 

Package design reduces installation time/costs. Compact 
vertical design for small foundation space. V_ belt, 
direct or flange mounted drive and electric or diesel 
motors match in with most requirements. 


SPECIAL JOBS —SPECIAL MODELS 
Oil-free versions for food and chemical industries — low-pressure 
models for specialised applications — skid-mounted types where 
portability is required .. . . JOY SULLIVAN can match most 
individual requirements from the WN series. 


AIR POWER surriice © APPLIED BY 


—in POWER | 






«.. read the fact-packed JOY WN.112 Catalogue 


V | S | 0 N All you wish to know about WN.112 com- 
D | pressors is contained in Catalogue AD 6. A 
copy will be sent immediately on request. 


JOY-SULLIVAN LIMITED, AIR POWER DIVISION, 7 HARLEY STREET, LONDON W.1 Telephone: LANGHAM. 7711 
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Pyro tenax Experience 


















serves the Atomic Age... 
Kg 


= 








sf i 


Men are working on the lonely coasts of Britain, and vast and unfamiliar 
structures are rising to provide the Nation’s new electrical power sources. 

This is visible progress. Yet, in the changing scene there are constants. 
Pyrotenax M.I.C.C. Cables, for instance, have been the consistent choice of 
electricity supply authorities for years. Twenty years ago the most “modern” 
power stations installed “‘Pyrotenax’’— and the same original cabling still 
serves today. Little wonder that in this present age too, ‘‘Pyrotenax” is being 
specified for the lighting and power services in the various automic plants of 
the United Kingdom Atomic Energy Authority. Current generating may 
change, but current carrying is always best left to ‘“‘Pyrotenax”’! 


é Main control switchboard at one of the United 
Kingdom Atomic Energy Authority Research 
Establishments showing Pyrotenax cables feeding 
lighting, power and instrument circuits. 


Power and instrument cabling at the rear of the 
main switchboard. (Contractor N. G. Bailey Limited 
Leeds.) 


PERFFE 


Pyrotenax 


non-fire causing—heat resisting— 
moisture-proof—non-ageing—rust-proof— 
safe against overload—resistant to 


mechanical maltreatment—resistant to 


m.i. COPPER COVERED CABLE 


noise transmission— 





The use of the trade mark ‘Pyrotenax’ is exclusive to the products 
of this Company and its associates 


PYROTENAX LIMITED 
HEBBURN-ON-TYNE - Telephone: Hebburn 83-2244/8 


there is no substitute for experience 


LONDON: ViCtoria 3745 BIRMINGHAM: Md 11265 MANCHESTER : Deansgate 3346/7 - LEEDS: Leeds 27826 - GLASGOW: City 364/ 2 CARDIFF : Cardiff 23689 
GD 127 
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Matterson Hoists 
capacity up to 
10 tons 








alltersomn 


THE MODERN NAME FOR CRANES 

























Quality and service 
combined with low 
cost and high per- 
formance, in a c)m- 
prehensive range of 
truly British Cranes 
and Hoists—your 

- inevitable choice 
Matterson the modern 
name for Cranes. 


me Jf , 


Ey / 





AX 


+- HOA X 
one 





Matterson Cranes capacity up to 50 tons 
Comprehensive leaflets giving details and prices of the 


Matterson range of Cranes and Hoists, ; 
are yours for the asking. Werte WOW/ 


ROCHDALE 49321 


40 Years Service 


to British Industry 
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DETECTORS FOR GAMMA-RAY SPECTROMETRY 








PROPORTIONAL COUNTERS 


The resolution of the proportional counter for energies 
below 100 KeV is superior to that of the scintillation 
counter and the type PX.115 has been designed to extend 
the range of high resolution spectrometry down to 20KeV. 
The energy resolution obtained with this tube in measu- 
ring the y-radiation from Americium2+! (59.4 KeV) is 6% 
compared with 16% with a typical scintillation counter. 
The proportional counter has found particular applica- 
tion in the analysis of fission product spectra. 





Gas Operating Gas Mulkti- 
Type Diameter Gas Filling Pressure Voltage plication Factor 
Cms. Hg. Range (volts) volts/db 
PX.11S yi Xenon-Methane 150 3,000-4,000 60 











ELECTRONICS 


LIMITED 
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PHOTOMULTIPLIER TUBES 


The VMP 11/44/A is a 2” diameter photomultiplier 
incorporating a Czsium Antimony photocathode of 
high sensitivity and a venetian blind photomultiplier 
structure. The high cathode sensitivity and good 
collection efficiency make this tube extremely 
suitable for y-ray spectrometry. The energy resolution 
which can be achieved is a function of both a scintil- 
lator crystal (NaI(T1)) and the photomultiplier and the 
accompanying graph shows the resolution obtained 
witha typical tube-crystal combination onthe spectrum 
of Cobalt 60. The peak to valley ratio obtained is 3:1. 

To obtain the maximum stability required for high 
resolution spectrometry it is recommended that tem- 
perature control is provided for the counting assembly 
and that the mean current in the photomultiplier at the 
maximum counting rate does not exceed 0.1 »A. 














CHARACTERISTICS (AVERAGE) 
Cathod 
Type 7 = Cathode Overall Dark 
yp 5 ha | Overall 
ensitivity Sensitivity Watinine Current 
uA/Lumen | A/Lumen (S) g atS 
VMP 11/444 SII 55 2,000 | 1,400 0.08 








NT Mev. 
i 


gaged alam 
i : 


_ Co SPECTRUM Hie: ef 
VMP (1/44a ; 
22° Nal(Ti) 








CENTRONICS WORKS - KING HENRY’S DRIVE 


NEW ADDINGTON - CROYDON - SURREY - Lodge Hil! 2/2/ 





CHWR/59/2 
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Taking trouble 
out of circulation... 


More and more problems associated with water circulation for condensers of 
power stations and oil refineries are being solved by the use of 
non-ferrous tubes manufactured by the tube division of the Delta Group. 
The large range of trouble-free alloys available today is the result of over 
a century’s experience in tube manufacture by James Booth & Company and 
John Wilkes, Sons & Mapplebeck, members of the Delta Group. 
The condensers of numerous power stations and oil refineries at home and abroad owe much of their 
efficiency to being fitted with tubes from one of these old established companies. 
The choice of alloy for any specific installation is most important. 
The Delta Group range of non-ferrous tubes has been 
specially developed to suit the varying conditions which have to be met in 
service and our Research Department is always glad to carry out tests and 


advise customers on the most suitable composition for their requirements. 


Two plants that have installed Delta Group Tubing 









Hams Hall ‘B’ Power Station. B.P.’s Aden Refinery. 
Photo: Courtesy The British Petroleum Co, Ltd. 


REGISTERED TRADE MARKS: 

D ELTA Gr ou p DELTALBRA (aluminium brass) 
DELCONDEX (cupro-nickel) 

DELCONION (copper-nickel-iron) 

TUBES FOR CONDENSERS AND HEAT EXCHANGERS Also 70/30 Arsenical Brass and 70/29|1 Admiralty Brass 


TUBE DIVISION 





Incorporating : 

JAMES BOOTH & COMPANY LIMITED and JOHN WILKES, SONS & MAPPLEBECK LTD. 
Head Office: Argyle Street, Nechells, Birmingham 7 - Telephone: EAST 1521 

LONDON & BIRMINGHAM London Office: 50 Brook Street, London W1 - Telephone: GROsvenor 3018/9 








TGA JBGI66 
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BUILT-IN FIRE RISK? 


Is the responsibility yours to avoid a built-in fire risk? 


Insulate of course—That is well worth while but do not build-in 
a fire risk by using an unsuitable method of insulation. You have 
only to investigate some of the disastrous factory fires of recent 
history to learn the value of this caution. 

Stillite thermal and acoustic insulation is completely fireproof, 
vermin proof, rot proof and damp repellent. Available in a range 
of forms for roof and suspended ceiling insulation, partitioning 
and as fire protection to vital support girders. 

If you have a responsibility for design or construction of valuable 
buildings let us send full details. 


faa 


—— 


of = 
wtiibnatit 





egd. Trade Mark 


R 
STILLITE PRODUCTS LTD., 15 Whitehall, London, S.W.|I. 
Whitehall 0922-6 and at: 23! St. Vincent Street, Glasgow, C.2. Central 4292 


34 


Tick No 31 on reply card for further details 


TEST RESULTS 


Stillite semi-rigid slabs in a 1” thickness proved to confer 
a 2 hour fire rating on various types of suspended ceiling 
systems depending on method of attachment. Structural 
Steelwork: The indications from a small scale test under- 
taken by the D.S.I.R. show that structural steel protected 
with Stillite slab 2” thick should achieve a fire resist- 
ance of four hours in accordance with B.S. 476. 


Details of tests available. 


> Ce 69 Ge 4? 2 Om CS Om oe ee eee ene 


i To: STILLITE PRODUCTS LIMITED, 15 Whitehall, London, S.W.! i 
Please send details of Stillite Insulation for Fire Protection. 

{ Please attach to letterhead i 

! NAME 

ADDRESS ‘ 

i 

{ i 
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| Do you require 
HIGH PURITY 
Argon? 





For the removal of 

moisture, oxygen and nitrogen. 
For cleaning up the 
atmosphere in glove boxes. 
For welding or for any other 
application where the need 


arises to remove one or more 





of the above impurities. 





THE MARK IV SELF-CIRCULATING GAS PURIFIER 


: Supplied in single or in tandem units for long process work. Fully instrumented. Fully automatic 


TERN De 
Qe My, <<, 


WESTERN DETAIL SQ. Y MANUFACTURERS LTD 


WESTERN WORKS, / \SX—* STAPLE HILL, BRISTOL. 





Telephone 65-6141/2/3 Telegrams: Aries, Bristol Cables: Aries, Bristol, England 





 $(<—R SS Ses ae eee a 
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Main CO, Duct Isolating Valve for Nuclear Reactor Power Plants for 
working pressures of 10 kg/cm*and 400" C. 


ABSPERRKLAPPEN (Pat. throughout the world) 


The design of the ERHARD-Absperrklappen ts not limited to the afore- 
mentioned temperatures and pressures, and we are ina position to manu- 
facture valves in order to meet the severest temperature and pressure 
conditions arising in nuclear reactor power plants. 


External means are used in order to urge the disc sealing ring on to or 
away from the valve seat for closing or opening the valve. Operation 
can be effected according to requirements by hand, electric, pneumatic 
and hydraulic means 


For all information write to 


Telephone Holborn 2966 





JOHANNES ERHARD H. WALDENMAIER ERBEN 


SiddeutscheArmaturenfabrik Heidenheim anderBrenz Western-Germany 


NUCLEAR POWER 


The Sole Agents for the United Kingdom 


A. K. STARCK’S CO. LTD. 


22, Chancery Lane London W.C.2 


Cable: Akstari'London 


December 


1959 






















WHEN YOU ARE 


pinking 6 


—THINK OF HARVEY 





Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled in one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 





Left: A mild steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 


Below: This Ethylene Oxide Reactor weighs 135 tons, is 
9 ft. 6 ins. in diameter and contains over 15 miles of 1} in. 
dia. catalyst tube. 





HARVEY FACILITIES AND PRODUCTS 
CLASS I WELDED PRESSURE VESSELS TO 


LLOYD’S AND A.S.M.E. CODES - HEAT 
TREATMENT AND RADIOGRAPHY ~< DIE- 
den PRESSED AND ‘ROTARPREST’ HEADS UP TO 


15 FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS + STEEL PLATE AND 
SHEET METALWORK - HEAVY MACHINING 
AND FITTING. 


HARVEY | 


FOR 4 WELDED FABRICATIONS 





G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 





HC/HT/1o0 
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Lead shielding of a complicated nature is being 
successfully produced to Harwell design by 
R. E. Roberts & Son Limited, Bolton, 
for the U.K.A.E.A., Risley, and for private companies engaged 


in the development of nuclear power. 


_— eal 
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TWO new 
Kodak recording 
papers 














RP 19) for records in seconds 

















RP 35) for 50°. more paper 











Recent improvements in the design of recording equipment have done much to speed the 
supply of vital information to research engineers. Keeping pace with these improvements, 
Kodak have introduced two new photographic materials that greatly increase the 
usefulness of recording instruments. They are : 


‘Kodak’ RP.I2 Print-Out Recording Paper, which produces a 
visible image in a few seconds, without processing, and 

‘Kodak’ RP. 35 High-Speed Thin-Base Recording Paper, which 
combines the excellent photographic characteristics of ‘Kodak’ 
RP. 30 paper with a thinner base, allowing 50% more paper to be 
loaded into the recording instrument. 


Full details of these new recording materials will be sent on request. 


LIMITED 





Dept. 216, Kodak House, Kingsway, London, W.C.2. 


‘Kodak’ is a registered trade-mark 
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PNEUTOMATION 


Stop, before you start a new production scheme or expand your old one, 
have a word with Lang Pneumatic about ‘Pneutomation’ 
—the pneumatic power system you can buy ‘off-the-shelf’ to control 
a hundred-and-one jobs from jig-boring to bell-ringing. 
With ‘Pneutomation’ to help you, you can raise your production level 


and maintain it—without human error and fatigue, 






rejects or inaccuracies to limit output. 













Squinch says: 
** Plan with Lang 


Pneumatic right 







from the start, you’ll 








be certain of the 
99 


happy ending! 
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another German research reactor went 
critical. This reactor is fuelled with ele- 
ments containing enriched uranium 
which have been fabricated by a highly 


efficient extrusion process. 


We have studied known facts about the 
processing of enriched material and extru- 
sion and developed technologies which 
led to successful industrial production of 


co-extruded elements. 


Co-extruded matrix fuel elements too, 
therefore, will be an integral part of our 


production line in nuclear fuels. 


NUCLEAR GROUP FRANKFURT AM MAIN 
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BATTERY SPACE 


REDUGED BY H 


WITH THE NEW TUDOR 
HIGH PERFORMANCE 
STATIONARY CELL 


Savings of up to 50% in the space required for a 
stationary battery are made with the introduction of a 
new Tudor cell. A high performance sealed cell with 
Planté positive plates and pasted grid negative plates, 
separated by ribbed diaphragms of microporous Porvic, 
it is specially designed for trickle-charge operation. 

It is therefore the ideal cell for all stand-by applications, 
including emergency lighting in hospitals, cinemas, 











Uj 
Y 


OLD 


Z 
W 








theatres and public buildings of all kinds, and auxiliary 
duties in both nuclear and conventional power stations. 
The design of the cell results in a lower internal 
resistance and therefore provides a very much improved 
high rate performance, making it eminently suitable for 
switch-operating duties where high rates of discharge 
are involved. 

With the great reduction of space required, and the 
renowned reliability and long life of its predecessors, 
this new Tudor high performance cell marks a great 
step forward in stationary battery design. 


THE IMPROVED 
SAFETYLYTE EMERGENCY 
LIGHTING EQUIPMENT 


Tudor Safetylyte equipments are now being 
fitted with the new stationary cell. Charge and 
control cubicles are of improved design — the 
larger equipments being of folded sheet steel, 
and the smaller specially constructed for wall- 
mounting, employing automatic mercury relay 
in place of a contactor. 



























The new battery packs 
the amount of present in constant use 
electrical capacity into 
approximately half the 
previously re- 
quired; it is available in 
a wide range of capaci- 
ties up to 400 Ah. 


space 








Vv 


The old battery is at 


im thousands of install- N 
ations. Only thorough \ 
ee ae ———- N 
and testing has enablec N 
it to be reduced to up 'o N 
NS 

\N 

SS 

N 

N 

N 


one-half its original size. 


THE NEW 
SWITCH-TRIPPING 
EQUIPMENT 


Tudor switch-tripping units will in future be 
fitted with the new cell. The cubicles have also 
been redesigned, and are available in folded 
sheet steel or wooden cabinet construction. The 
charger can now be used for both trickle and 
quick charging. 
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YY 
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G>TUDOR BATTERIES 


THE D.P. BATTERY CO. LTD, MAKERS OF KATHANODE AND TUDOR BATTERIES, BAKEWELL, DERBYSHIRE. TEL BAKEWELL 581-5 
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MFT -READY pinions off the shelf 


To make their STOCK CHAIN DRIVES even easier to install, RENOLD 


CHAINS LIMITED now offer a range of 64 STOCK PINIONS READY 


BORED AND KEYWAYED (BS taper keyways) FOR STANDARD SHAFT 
SIZES. These provide :— 


© THE CHEAPEST METHOD OF ATTACHING 
PINIONS TO SHAFT? 


© POSITIVE LOCATION ON SHAFT AND 


QUICK SIMPLE ASSEMBLY BY STANDARD 
KEY 


RENOLD 


—the FIRST name in precision chain 





RENOLD CHAINS LIMITED MANCHESTER 
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Beaver pre-loaded ball screws, up to 957 efficient, 


operate at-52°C to over 400°C with no backlash... 


RECIRCULATING BALLS 
\ 


\ AI 





PRECISION GROUND 





BALL RETURN TUBE 
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SECURING BOLT 


ANOTHER ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90°, and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and up 
to 170° C when lubricated. 

Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80°, when converting 


‘rotary drive into linear output or force input into torque 


output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


I im 


automatically reversible or with controlled “no-back,”’ with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 lb (825,000 lb maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 


: Bristol Siddeley Beaver ball splines have been de- | 
l veloped to eliminate the disadvantages of conventional | 
| splines. The designs are very effective in minimising fric- | 
tion, particularly when high torsional and bending loads | 
are imposed during linear movement. 7 


* Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc., Detroit. 

For further information please write to J. B. Starky, Sales 
Manager (Beaver Products Division), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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The 


toughest 


proposition yet 


‘A.W. metallurgists can now spheroidise the flalc 

raphite which was the principal weakening factor in 
normal grey iron castings. The result—SPHEROIDAI 
GRAPHITE Cast Iron—is a medium which combines 
the qualities of iron castings with those of steel castings. 
When specitications demand iron castings with doubl 
the tensile strength of high duty cast iron—when t 
reatest possible resistancs 
eood machining qualities are i 
time to approach ‘A. W. for full technical 
‘A. W. SPHEROIDAL GRAPHITE Iron 


SPHEROIDAL GRAPHITE 
IRON CASTINGS 


Armstrong Whitworth (Metal Industries) Ltd. 
Cfose Works, Gateshead upon Tyne, 8. 

Tel: Gateshead 71261 

Subsidiary Company: 


Jarrow Metal Industries Ltd. 
Western Road, Jarrow, Co. Durham 
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DYNATRON 


S CALER 


SCALERS - PULSE GENERATORS PULSE ANALYSERS - POWER 
UNITS - PROBE UNITS - PULSE AMPLIFIERS - INSTRUMENT RACKS 


46 


type 1009E 


This instrument counts random or regular electrical impulses of 
amplitude greater than a pre-determined value between +5 and 


SPECIFICATION: +50 volts. Built-in cooling unit incorporated. 
Pulse input: Positive, 0.25us minimum duration. 

Discriminator: 5v-50v. 

Resolving Time (‘Paralysis off’): 1.5us. 


Paralysis Times: Switch Selection 5, 10, 20, 50, 100, 200, 500us; 


1. 2. 5. 10 milliseconds Write for further details of this and other DYNATRON Instruments to 
init : DYNATRON NUCLEONIC AND ELECTRONIC DIVISION 
Speed: This is limited by mechanical register to 2,500 per DYNATRON RADIO LIMITED - MAIDENHEAD - BERKS 


second, but may be improved by the use of an extended 
high speed register. 


Stability: Mains variation of +10°, have no effect on the 
working of the equipment. 


Made in conjuction with and under Atomic Energy Research 
Establishment licence. 


DYNATRON 
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These 


we have 
Served. 


== in Atomic 


Power Stations is vital. 


For 50 years we have 








supplied Electric Control 
Gear of the highest 
efficiency and reliability 


for use in the world’s 





most important install- 


Hinkley 
Point 


ations. 


s of 
and 


You too may have 
your own control 


gear problems. 


is to 
ION 
RKS 


Bring them to EMB and 
benefit from the ‘know- 


how’ we have acquired. 


E.M.B. Co. Ltd. 


| berkeley | " WEST BROMWICH——ENGLAND 
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CONTAINERISATION 


is the NEEW method of waste collection and disposal by 























SLUDGE 


























SUPSTEN) creme 


The entire waste and by-products of a major industrial plant can be handled by 
one man—the driver/operator of a Dempster-Dumpster vehicle—and a series of 
containers strategically located throughout the plant. Unsightly and insanitary 
rubbish heaps are abolished. Containers are designed to suit every type of appli- 
cation and sizes range up to 15 cu. yards capacity. 


When journeys to outside tips are involved, the “_Dumpmaster” range of self- 
loading, compaction bodied vehicles can lift and empty into their own bodies, 


containers of up to 6 cu. yards capacity and compress the material in a ratio of up 
to 3:1. 





For large scale bulk collection and movement, the Dempster “‘Dinosaur”’ is 
capable of picking up or setting down, off-loading onto raised wharf or tipping to 
empty, bodies of up to 40 cu. yards capacity. 

Dempster systems are adaptable to meet every waste disposal problem and are 
suitable for many process materials handling applications. 

If you have a waste handling problem or are collecting by conventional methods 
why not ask for a survey to be made without obligation ? Further information on 
request—films also available by arrangement. 

Manufactured under licence in U.K. by:— 


POWELL DUFFRYN ENGINEERING GO. LTD. 


(FORMERLY CAMBRIAN WAGON & ENGINEERING CO. LTD.) 
CAMBRIAN WORKS, MAINDY, CARDIFF EB 
Telephone: Cardiff 29611 Telegrams: “‘Peedeng, Cardiff” 


There is a system in the 





Dempster range to suit 
every requirement — write 
for full details NOW 


Containerised waste is picked up—hauled—and dumped by one man. 
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CARBIDE TIPPED DRILLS! 


Pioneers in carbide tipped masonry drills, the 
Rawlplug Company has gone still further ahead 
with the widest range of percussion, vibration 


‘DURIUM’ 
TIPPED MASONRY DRILLS 


So famous have these amazing drills become that 
the name DuRIUM tends to be used for any drill of its 
general type. Don’t be misled by this. DURIUM means 
the special New Process, almost diamond-hard, 
carbide tip developed and made only by the Rawlplug 
Company. No other drill is a genuine Durium. 
puRIUM Drills give really sensational cutting 
performances in brick, tile, cement, slate, etc. 

They are silent in operation and have a quite 
exceptional long-service capacity for withstanding 
the abrasive action of masonry that so quickly 
ruins ordinary drills. Another exclusive feature of 
Durium Drills is their patented rapid-helix flute, 
which forces out spoil and prevents clogging. 

Only a Durium Drill—a genuine Rawlplug Durium— 
gives such life and service. First 

resharpening is FREE! 





For use in Wheelbrace or slow speed electric drill 


17 sizes 5/32” to 1” cutting diameter and 11 long series 
}” to 1” cutting diameter for up to 16’ drilling length. 


‘DURIUM’ TIPPED HAMMER DRILLS 


For percussion drilling in hard materials 
such as Granite, Blue Bricks, Concrete etc., 
Durium Hammer Drills have a very much 
longer life than ordinary percussion drills. 
They can be used in most electric Hammers 
and some type of Pneumatic Hammers. 

13 sizes from 7/16” nominal drill diameter 
to 1}’. 





‘DURIUM’ TIPPED GLASS DRILLS 


For use in glass, china, vitrolite, 
pottery, etc. Can be used in a wheelbrace 
or slow speed electric drill. 

9 sizes from }” to 4” cutting diameter. 















WRITE pel 
‘y]ustrate : 
for lustre ally these an 


awlplus high 


erformance drills an! 
: power tools. 
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and rotary drills obtainable anywhere. Whether 
its for hand or power use, you’re bound to find the 
type and size you want in the Rawlplug range. 


‘VIBROTO’ 
HARD TIPPED DRILLS 
FOR VIBRATORY DRILLING 


Vibroto Drills are specially manufactured 
for use with the Vibroto Drilling Machine, 
—a high efficiency power tool which 
allows of two vibratory actions (Light 
Rapid and Heavy Slow), and also a rotary 
action for use with standard Durium 
masonry Drills or ordinary Twist Drills. 
With their special cutting angle metallic 
carbide tips, and the high grade steel 
shanks heat-treated to withstand abrasion, 
Vibroto Drills put up spectacular 
performances in the drilling of concrete 
and other hard materials. Demonstrations 
can be carried out by Rawlplug 

Technical Representatives anywhere 

in the British Isles. 


10 sizes 5/32” up to 15/32” cutting diameter. 


‘RAWLCRETE’ 
TUNGSTEN CARBIDE TIPPED 
(ROTARY) CONCRETE DRILLS 


These drills are designed for hole boring in concrete, 
hard brickwork and tiles with portable rotary 
action tools. They have from four to six cutting 
edges (depending on size) and if one should be 
damaged the remainder will go on cutting. 

Spoil is automatically carried away through the 
cored shank and ejected via the slot. 





EXTENSION TYPE DRILLS ANY DEPTH 


By adding extension rods to the Extension Type 
Rawlcrete Drill, any depth of hole can be drilled. 


96 sizes 4” up to 2” cutting diameter. 


THE RAWLPLUG COMPANY LTD. 


Telephone: FREMANTLE 8111 (10 LINES) 
Telegrams: RAWLPLUG SOUTHKENS LONDON 


Udit 


I 











RAWLPLUG FIXING DEVICES AND TOOLS FOR SPEED AND RELIABILITY 


CROMWELL ROAD, LONDON, S.W.7. 


8636 


The World’s Largest Manufacturers of Fixing Devices. 
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ae ORO OM "ME INCREASES PRODUCTION IN THE CHEMICAL INDUSTRY 





Several types of ‘ Kopex’ convoluted tubing made by Uni-Tubes Ltd., London, S.W.1. One or more of the 
component layers of the tubing are. made from either ‘Fluon’ tape or ‘Fluon’ impregnated 
Fibreglass tape. 


Why “ Fluon’ was chosen in the manufacture 
of ‘Kopex ’ convoluted tubing 


NE of the many types of ‘ Kopex’ This tubing is used, among other range from +250°C. down to at least 

convoluted tubing made by Uni- things, to protect electrical harness in liquid nitrogen temperatures ; resist- 
Tubes Limited has to be corrosion and | aircraft against de-icing fluids. It is ance to virtually all forms of chemical 
abrasion resistant. It must not be affect- also used as electrical cable conduit; attack; the lowest coefficients of 
ed either by high or low temperatures. hose for carrying non-inflammable friction of any solid; and the best 
It must have a low coefficient of friction hydraulic fluids, high temperature dielectric properties. 
so as to facilitate threading with cables. lubricating oils and most other corro- 

To ensure that it offers all these sive fluids; for steam, missile fuel, ‘ 
advantages, the manufacturers have | and oxygen lines. [a ee om @ my “ae 
used ‘Fluon’ tape or Fibreglass tape | ‘Fluon’ which is a tough, flexible 
impregnated with ‘Fluon’ for one or material, has a remarkable range of © Fluon’ i ; 
‘ : . uon’ is the registered trade mark for the 

more of the component layers of tubing. properties :— a working temperature polytetrafluoroethylene manufactured by 1.C.1. 








IMPERIAL CHEMICAL INDUSTRIES LIMITEO ° LONDON S.W.1 


prss 
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PROTECTIVE GLASSES 


against Radio-active Radiation 


There are 10 types available with varying lead content and in densities from 
2.53 to 6.20. Among those there are also several stabilized types which will not 
become brown even under exposure to high radiation doses. The great number 
of glass types permits good adaptation of the thickness of the windows to that 
of the protective walls. Depending on glass type it is possible to produce blocks 
in sizes up to 1,3m at thicknesses from 15 to 30cm. 





For further use in nuclear 
research we supply 





M Bubble Chamber 


Windows 

made of best optical glass 
in untempered and temper- 
ed quality. Even large win- 
dows can be tempered. 


Cylindrical Blocks 
of Lead Glass for 
Cerenkov-Counters 


of high refractive optical 
| glasses, especially free 


from colour. JENA" GLAS 


rT! Fs 


JENA®® GLASWERK SCHOTT & GEN. MAINZ 


Western Germany 
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A Vital contribution 











ARMOURED 
CABLE 


“WANDLESIDE” 


to Atomic Power... 


~at 





WANDLESIDE CABLE WORKS LTD. 
One of FALKS Group 
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CALDER HALL 


Photo by courtesy U.K. Atomic Energy Authority) 
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With the advancement of Atomic 

\ Power, cables must play an important 

part in the efficiency and reliability 

in the production of Nuclear Energy. 


Only the best is good enough and Wandleside 


Cables are eminently suitable. 





CABLES | for Nuclear Energy 





106 GARRATT LANE WANDSWORTH 
Telephone: VANdyke 7544 (5 lines) 


LONDON, S.W.18 
Telegrams: Wandleside, london 
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GRAPHITE 
MACHINING 


Nuclear Graphite components of all types 
for atomic energy purposes machined under 








clean conditions. 
Bulk deliveries now in progress to 
Hunterston and other Nuclear Power stations. 


POWELL DUFFRYN CARBON PRODUCTS LTD., 
NUCLEAR GRAPHITE DIVISION 
Springfield Road, Hayes, Middlesex. Telephone Hayes 3994 
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Brochures dealing with 


SPEGIALISED 
LUBRIGANTS 


for industry 
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Engineering and other industrial firms are offered the 
following, as one aspect of ROCOL service. 


Publication No. t. ANTI-SCUFFING PASTE AND OIL 
Anti-Scuffing Paste is the most effective means of applying 
Molybdenum Disulphide for dry lubrication. Used where 
ordinary oils and greases cannot be applied. Withstands 
immense heat and pressure, and has remarkable anti-seize 
properties. Approved under D.T.D. 900/4284. Anti- 
Scuffing Oil enables Molybdenum Disulphide to be used 
in circulating systems and oil lubricators. 


Publication No. 2. R.1.D. COMPOUND 

The modern lubricant for severe metal forming and shaping 
operations. Counters the effects of high pressure and 
eliminates frictional heat in drilling, reaming and tapping 
stainless steel, alloy steels, nickel and titanium. Can 
lengthen tool life by as much as 30 times. 


Publication No. 3. MOLYBDENISED LUBRICANTS 

The remarkable low friction and pressure resisting 
properties of Molybdenum Disulphide have been incor- 
porated in a wide range of specialised lubricants, compounds 
and varnishes described in this Brochure. 


Publication No. 4. WATCH AND CLOCK OILS 

A complete range for the Horological and Instrument 
Engineer, based on joint research of horologists and oil 
technicians. Includes a range of synthetic oils which 
remains fluid down to minus 65 C; and Molybdenised Oils 
in all viscosities. 


Publication No. 5. KILOPOISE LUBRICANTS 
Extreme-viscosity lubricants to damp motion and ensure a 
slow, even action in hand operated components such as 
optical focusing movements, variable condensers and 
potentiometer spindles. Widely used throughout the 
optical, instrument, radio and electronic industries. Special 
grades available for use as Core Locking Compounds. 


Publication No. 8. MOLYTONE GREASE 

A series of greases combining Rocol Bentone Grease and 
Molybdenum Disulphide. They have no melting point 
and are effective from below zero to 450 F. They with- 
stand extreme pressures and provide positive lubrication 
even in ‘starved’ conditions. They should be used in all 
grease systems where extra boundary lubrication is 
demanded by severe working conditions. 


Write to ROCOL about lubrication. 
ROCOL LIMITED 


General Buildings, Aldwych, London, W.C.2 (Telephone: HOLborn 1985) 
Rocol House Swillington, nr. Leeds, (Telephone: Garforth 2261) 
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NEWNAN 


Test its STRENGTH Test its EASE OF APPLICATION 

NEWTHERM is unusually strong and Undoubtedly, NEWTHERM is one of the easiest of 
rigid —a feature of special importance materialstoapply. It is supplied in plastic form and ina 
in the larger, more vulnerable sections. wide range of standard-sized sections and slabs, smoothly 
Put a sample section or slab on part of finished and straight edged for immediate fitting. The 
your plant and prove for yourself its finished job is very neat, with minimum joints, and 
outstanding ability to withstand impact appliers particularly appreciate the handleability of the 
and water damage. See how it with- material — especially in difficult situations. 


stands rough handling in transit and 
erection, minimising breakage in ship- 
ment and erection by unskilled labour READ ALL ABOUT NEWTHERM 
at the most remote sites. in a specially prepared booklet. Sizes, 
compressive strength, thermal conduc- 


tivity,—this and much more useful 


Test its MOISTURE RESISTANCE 
Even totally immersed in water, 
NEWTHERM retains much of its 
strength and rigidity. It does not become 


information can be on file if you write 
for your copy now, to the sole manu- 





facturers Newalls Insulation Co. Ltd. 


deformed when in contact with water, thus 
work-in-progress need not be covered. 
Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 


Test its LIGHTNESS 

Unusually light for such a high- 
efficiency material, NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. That meanseasier handling and 
fewer breakages—even the largest section 
is easily carried in one hand. 


NEWALLS (Reg’d Brand) 


NEWTHERM calcium silicate inculation 


. . . for temperatures up to | 400°F. 














NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. 
A member of the TURNER & NEWALL ORGANISATION 

Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 

UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad 
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f 
Stainless 


Steel 
Forgings 














serving Atomic Energy, Aircraft and Oil industries 


Manufactured to any British or U.S.A. Standard Specification 
Supplied as Forgings only or Fully Machined in Modern 
Machine Shops on approved lists of A.I.D., A.R.B. and LLOYDS. 


William Oxley 
& Co, Ltd, 


PARKGATE STEEL WORKS - ROTHERHAM 
telephone Rotherham : 5238 
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AVO INSTRUMENTATION 


AVO instruments are in 
permanent use al 


many oil refineries 


D.C. Amplifiers 

Radiation Monitors 

Valve Voltmeters as Sciy taced 
Multi-range Testmeters 

Valve Testers 

and other electronic 

and nucleonic instruments 


x R | 
poet - 
- A She 
~-* ~ 


A ~*~ » 
ANYD www  ayocet House - 92-96 VAUXHALL BRIDGE ROAD - LONDON - 5.W.I 
Telephone: V/iCtoria 3404 (12 lines) Cables: Avocet, Sowest, London 
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STREAM-LINE 
FILTERS AND 
NUCLEAR 
POWER 


The security of oil-immersed circuit 
breakers or transformers depends on the 
condition of the oil. In Stream-Line filters 
the engineer has at his disposal equipment 
specially designed for the complete 
removal of contamination in insulating 

oil and which meets the most stringent 
requirements. That’s why Stream-Line 
filters have been specified for Chapel Cross 
and Berkeley, and are in wide use 
throughout the U.K.A.E.A. A single 
passage through a Stream-Line filter 
ensures the elimination of solid impurities, 
even the finest colloidal carbon; 
dehydration, including the removal of 
dissolved water, and de-aeration, 

including the removal of dissolved gases. 
A dielectric strength far above that 
specified for the highest quality new oil 





is achieved by a standard Stream-Line 
filter. Our research and development 
department will be glad to answer your 
queries. Write for Catalogue W.1031. 


A WORD ABOUT HIGH VACUUM 


Stream-Line filters designed to operate 
under high vacuum can be supplied. 
Details are available on request of 
models yielding remarkable perform- 
ances. For most requirements the 
standard Stream-Line filter gives pre- 
cisely the service demanded. 

A fully mobile Stream-Line filter. 


STREAM-LINE FILTERS 





STREAM-LINE FILTERS LIMITED, HENLEY PARK, NORMANDY, NR. GUILDFORD, SURREY. 
A member of the VOKES Group with world-wide representation. Telephone: Normandy 3311/3. Telezrams: Edgefilt, Guildford. 
SF/29 
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with the lO 
¢cwv SERIES 


Take the best in Constant Voltage Transformer 
design and practice... maintain all those features 
proven by years “‘in the field’. ... add still greater 
efficiency . .. . reduce size and weight ....and then 
drastically cut the cost — and you have the NEW 
CV Series. 


Models now available with output capacities of 25, 
50, 75 and 100 watts and range of outputs from 
6 to 240 volts — all providing assured output 
voltage regulation within +1% for input variations 
of up to + 15% 




















@ WEIGHT REDUCED by over 25% 
@ SIZE REDUCED by over 40% 
@ STRAY FIELD REDUCED by over 75%, 


@ OPERATE AT ANY LOAD 
from ‘NO LOAD’ to ‘FULL LOAD’ 


@ WILL OPERATE CONTINUOUSLY 
AT AMBIENT TEMPERATURES 
from —10 to +50°C. 


CONSTANT VOLTAGE TRANSFORMERS 


Whey até SMALLER -LIGHTER 



















, o A 
Freres a typical example- aud COST LESS 7 

MODEL CV.25/E MODEL MT.281/E 

Input Voltage .....-. 190-260V ............ 190-260V 

Output Voltage .___.. REN 6V 

Output Capacity ..... _.,, ARS - aw 

Dimensions .._..... 5}°x34"x4}" ...... 7”x 54"x 43” 

nec Sib ee 

PRICE £6.5.0 PRICE £8.0.0 











Full details in Folder N.63 available on request 


dvante COMPONENTS LIMITED 
ee MAINS STABILIZATION DIVISION 


ROEBUCK ROAD ¢ HAINAULT « ILFORD * ESSEX * TELEPHONE : HAINAULT 4444 oe * ae a e e e * ry é e = * @ GD8s0 


~to be sure! 
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for SAFETY in your pipeline 



















METRIC SERIES 


Adjustable alarm to 
fit on size 907 and 
914 Rotameters. When 
float interrupts 
light beam, 
electronic re- 
lay is opera- 
ted. 


TYPE 825A 


Alarm at low 
flow for gas 
purpose; in- 
trinsically 
safe. 





- Rotameter 
flow 
alarms 


TYPE 500A 
Electric or pneumatic signal, fully 
adjustable for liquids or gases 
TYPE 750 
Oo fixe al: 
aie ; ~ Fixed alarm, 
Where a change of liquid or gas flow rate is dangerous es non - indicating, 
then one of these Rotameter flow alarms can be used 2. electric signal; 
to provoke attention. Electric or Pneumatic signals “ can be certified 
; ews pear ok 7 25 flameproof. 
provide visual or audible alarm. Q 
Type 500A has been specially designed to indicate high SN 
pressure gas flows in atomic reactor coolant circuits. x 
| hz al; ; thic ‘ ‘ ; ‘ ‘ S50 ‘ 
t has two alarm points which are freely adjustable and 4. oe 
. ° ° . . . ee - ee Bea. 
which have a minimum differential of about 10% full one . 
scale. This instrument is also suitable for liquid flow. 


ROTAMETER 





KAOO 


A 


KAASADOON A 


OV 


OK 
62505 


OOO 
SELL 


SS5OOY? 
MCS 


HOOD 
agretanee 


OXOY 
R500) 


Q Q QR BOK? <2 Ss 
REE RS RC SK ONO SKN 


ROTAMETER MANUFACTURING CO. LTD. 
FLUID MEASUREMENT AND CONTROL 


G.24 FLOW-DENSITY- LEVEL Telephone: CROydon 3816 
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They were vertical Glandless 
pumps and there’s reasoning behind 
the choice. 

The simple design having only one 
moving part and no close clearances 
ensures non-stop service and long 
life. 

The glandless construction reduces 
maintenance and eliminates all leak- 
age at the shaft. 

These pumps are self-priming and 
can be located above liquid level. 





if you want dependability— 
you want LaBour 


LaBOUR 


PU M P S 


BRITISH LaBOUR PUMP CO LTD 
BLUNDELL ST LONDON N7 Tel NORTH 6601-5 
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SOLID GLASS 
RADIATION 


Arm 


SHIELDING : 


of / 


req 


WINDOWS . 


An 
for 
of 
i 

Measuring up to4 ft. 6inches x3 ft.x 10inches thick Ke 
or up to 12 inches thick for slightly smaller sizes. it 
Available as polished glass blocks or as complete : 
composite windows fully framed for insertion in : 
the shielding wall. A range of densities is available Ar 
in both stabilised and unstabilised glasses. Z 
ad 


Our Technical Advisory and Design Service exists 
to help you solve your Radiation Shielding Window 
problems. Please write to us for full details. 


CHANCE-PILKINGTON OPTICAL WORKS 
Pilkington Brothers Limited 0 
St. Asaph - Flintshire 
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you 
can 


control 


Now you can buy control in a package! 


To install first-class hydraulic circuits with the 
Armstrong “ Off-the-Shelf” Actuator is to use the 
easiest and most economical means in the world. 
You can select a combination of the various types 
of Armstrong Actuator units to suit your individual 
requirements. Accurate assembly requires only ele- 
mentary engineering knowledge, simple instructions 
are provided and stock embodiment items supplied. 
An Armstrong Actuator does away with the need 
for heavy or complicated linkages and gives none 
of the troubles that tend to crop up with links. 
levers or cams. Once installed and charged, it will 
function for as long as the machine or structure in 
which it is embodied—smoothly and efficiently. This 
bold new conception of hydraulic control has behind 
it the vast experience gained by the Armstrong 
Patents Company Limited of Beverley. They alone. 
because of their unique position in the field of 
hydraulic engineering, are able to offer Actuators 
of this quality at the price. 

Armstrong “ Off-the-Shelf Actuators—-power or 
manually operated—put so many possibilities 


“within your reach” that early investigation is slate th Is 


advised. Ask for leaflet APL 51/21. 


GOLDER JUBILEE 


4959 


F —_ 
OFF-THE-SHELF ACTUATOR BAY 7h dame tal 












ARMSTRONG PATENTS CO. LTD. 
EASTGATE, BEVERLEY, YORKSHIRE. 
Telephone- Beverley 82212 (6 lines) 
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INSTRUMENTATION 


keeps in step with nucleonic needs 


RADIATION 
MONITOR : 
Type 255 \ 
% Transistorised, battery op- \ 
erated, portable. 
% Laboratory accuracy under 
field conditions. | | ! 
% Wide range of.probes and I | 
accessories available. /| 








Airmec are proud to be the first to } 
announce a fully transistorised monitor | 
which combines laboratory accuracy 

with complete portability. The uses 

include : 





RADIATION MONITOR Type /02/ 8 


% SAFEGUARDS against contamination. 


i. Checking t e presence and amount of radio-active con- 





% TRACES radio-active material in chemical | tamination in laboratories and workshops. / // 
analytic processes. 2. Checking atmosphere ‘fall-out’ and contamination of / 
% MEASURES contamination of anv result- food, animals, crops, milk and water supplies, etc. 






















3. Following the progress of radio-active tracer 


ing effluent. 
elements in medical, geological, agricultural 


Designed in conjunction with A.E.R.E. Harwell, this and industrial processes. 

instrument is probably the most widely used general | 4. Tracing the whereabouts of radio-active 
purpose monitor in the world. It has been PROVED | areas and making accurate assays of 

by years of user experience to be the most accurate samples in geological surveys. 

and reliable equipment of its type. 5. Tracing lost samples of radio-active 

The Radiation Monitor consists of a mains operated materials both in buildings and out. 
Indicator Unit together with a Beta Gamma or Alpha 


Probe Unit. Indication is provided visually by means | Write for descriptive 
of a meter which is calibrated in counts per second, leaflet No, 177 
and audibly by means of a loudspeaker. A socket on 
the front panel is also provided to enable the output 
to be fed to a scaling unit. 
Write for descriptive leaflet No. 26D 
giving full details. 


GENERAL PURPOSE COUNTER Type /339 A 


%* Designed and developed in conjunction with U.K.A.E.R.E. 


- > 
/ i” )) WAY, | * Provides comprehensive scaling facilities for all types of Geiger Scintillation 
} l IC Il rhe@ Counters. os ; 
Am eo AL L) \@) * Incorporates stabilised E.H.T. supplies. 


* Fitted with automatic timing control. 


This equipment is built on a unit basis and provides very comprehensive scaling facilities for all 
\ types of accurate assay work. It consists of two main units—a Power Unit and a Scaling 
\ Unit — together with a number of optional sub-units. These include a Quenching Unit, a High 
\ Speed Scaling Unit, an Amplifier|Discriminator Unit, a Paralysis Unit and a Timing Unit. | 


INSTRUMENTS FOR THE 
NUCLEONIC INDUSTRY 


te. “" Full details are given in descriptive leaflet No. 185 — | 
AIRMEC LIMITED - HIGH WYCOMBE a oo | 
a nee ee | 
—_——— 
a 7 _——_—_—<—<—— 


Telephone : High Wycombe 2060 


\ 
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the best heat exchangers uge 


WIRLYFL 


“SWIRLYFLO” TUBING, designed and developed for use in 


our boilers and heaters, has proved to have greater efficiency, in 








| transferring heat over any given length, than any other tube. 


TUBES 


Increased efficiency is obtained through the specially designed spiral 
twist in the tube, the hot gases passing through them are jostled 
and bounced against the walls, extracting the maximum amount of 
} heat to be used as well as spent energy. For given results less tube 
length is required, as a six foot length of Swirlyflo tube does the 
work of a ten foot length of plain tube. All round advantages are 
obtained—thicker tube walls giving a 20% longer tube life—shorter 


tubes mean smaller boilers and saving in floor space. 


- SPANNER BOILERS LTD 








g 
h WOKINGHAM ROAD, BRACKNELL 
> BERKSHIRE, ENGLAND 
- Telephone: Bracknell 1500; 
Telegrams: Swirlyflo, Bracknell, Telex; 
Telex: 84130 
- 
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in connection 
with high pressure 





ERMETO FLEXIBLE HOSES can be used with a wide range 
of fluids and are increasingly employed where 
rigid pipes would be impracticable. ERMETO flexible hose 
is available in unit lengths of up to 6O feet 

with single or double wire braiding, and can be 
supplied with an extensive range of end fittings. 
Technical advice and illustrated literature 


will gladly be supplied on request. 





41-9808 BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 


A member of the ALENCO Group of Companies 


Tick No 63 on reply card for further details NUCLEAR POWER December 1959 





Rio Tinto 1s now able to supply 
uranium in commercial quantities 


for power and research programmes 


nU INI 


Nuclear grade uranium products now available include the 





following : 


AMMONIUM DIURANATE -°  URANYL NITRATE HEXAHYDRATE 
° URANIUM TETRAFLUORIDE . 
CERAMIC GRADE URANIUM DIOXIDE . URANIUM METAL 


Facilities exist for fabrication to individual requirements. 


Enquiries are invited to 


RIO TINTO MANAGEMENT SERVICES (U.K.) LIMITED 


Barrington House, 59 Gresham Street, London, E.C.2. Telephone METROPOLITAN og101 
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Space 30 Analogue Gomputer 
foremost in flexibility 





lar . The techniques of analogue simulation are becoming] 
“a | increasingly important in many fields of research and 
a development. Solartron Analogue Computers, which are] 
provided with exceptional non-linear facilities, enable the Tt 
average industrial user to directly simulate a wide range 
of physical systems without having to resort to special- @P° 
purpose simulators. 



















et 


iy ie 


he 
we 
= 


The inclusion of programmed timing devices, servo multi 
pliers and function generators, allows a great variety o! 7 
non-linear and control problems to be directly simulated. 7] U 


oO 





In order to assess the suitability of a particular computer 7 , 

for any given application, it is essential that expert advice 9% y 

be sought before the final specification is fixed. Accordingly, |) v 

without obligation, Solartron will be pleased to provide 

application engineering assistance in the planning of 
Tick No 65 on reply card for further details computers to actual user requirements. 


THE SOLARTRON ELECTRONIC GROUP LTD., Thames Ditton, Surre 


ming 
1 and 


h area 


e the 
range 
ecial- 


ulti- 
ty of 
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ufer 
ivice 
gly, 


The Solartron Diode Function 
enerator is a 12-segment unit 
which sets a new high standard for 
resolving power, bandwidth and 
ease of operation. 


mn Servo Multiplier 


d the Solartron Diode Functi 


new avenues Of 


to all users of Anal 


: 


|The Solartron Servo Multiplier is 
7} an extremely accurate general pur- 
j Pose potentiometric multiplier 
» Which istransistorised and employs 
i gearless servo drive for exceptional 
i dynamic performance. 


| Up to five variables may be simul- 

staneously multiplied by one other, 
}or up to the sixth power of a 
variable may be generated by this 
versatile unit. 


vide |F 


yr of 
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Tel. EMBerbrook 5522 Cables & Tele 


1) 
1) 


INnVeSTIL 


Generator open up 


ration 


wrue Computing equipment 





rams: SOLARTRON, Thames Ditton 


/ _o ia \ 


a ee g 


Bandwidth: 
OI Ge com: cs. with 
less than 1 of phase 
shift 

Stability; 
Long term, 0-25 
or better 

Segmental Drift; 


Less than 1 m \ 


Segmental Gain Error; 
Less than 0-2 


Write now for 
literature 


Bandwidth; 
DC to I0 ¢c/s, at 
maximum ampli 
attele with tess than 
1 of phase shift 
Features: 


Provision tor preset 
jacberenaresel generation 
eetcanhwele) mann 
sistorised pow Cr 

Sth eje) bust ereelusermicae 
Six-gang potentio 
meter assembly 
















Package Irradiation Conveyor Plant 
developed 1n co-operation with 


the U.K.A.E.A. 
by 


The Owen 
Crganisati 














Argonarc Welding - Rowenarc Test facilities for Prototypes ° 


Welding © Hydraulic and Structural Steel work :Metal 
Pneumatic Actuating Systems Equipment. Partitioning, Bins 
and Valves - Design and and Furniture - Remote 


The resources of the Research Facilities - Prototype Control Equipment - Cold and 
Owen Organisation are manufacture facilities - Pro- Hot Presswork ° Fabrication 
co-ordinated to serve duction Facilities - Patented work * High Tensile 


. Copper free brazing for steel Bolts » Package Irradiation 
the Nuclear Industry in stainless steel, Niobium, Plants - Electro-Hydrautic 
Design, Development etc’ Fork Trucks and Controls and Servos * Special 
and Manufacture Materials Handling Equip- Purpose Machinery and 









Pressure Vessels © Test Machine Tools - Com- 





ment 






facilities, including Hydraulic 








pressors * Oil Firing Equipment 


Pneumatic, Mechanical 





THE OWEN ORGANISATION GROUP ATOMIC ENERGY OFFICE 
LIVERPOOL ROAD - WARRINGTON ~- Telephone WARRINGTON 35241 





1959 
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Europe’s Highest-fluxed Reactor will be 
FUELED 


The Belgian Engineering and Test Reactor, now under by 
construction at Centre d'Etudes pour les Application de 

\'Energie Nucleaire at Mol, Belgium, is a notable example S Y i & O og 
of joint American-European attainments in the field of é 

nuclear technology. The plant will be of unique and 
advanced design by Nuclear Development Corporation 
of America. Fuel elements will be produced under the 


SYLCOR ‘‘Package Fuel’’ plan with substantial economies 
to the Belgian government. 










The new reactor, designated METR, will have an ulti- 
mate epithermal flux density as high as 2.4 x 10" n/cm?/ 
sec, corresponding with a thermal output of 50 mega- 
watts. The SYLCOR fuel elements consist of six concentric 
tubes of 90% enriched uranium-aluminum alloy clad in 
aluminum. 20 such elements will fuel the reactor; three 
core loadings are being supplied. The elements must meet 
rigid dimensional tolerances both as to size and symmetry 
of tubes and water gaps and have been 
flow-tested at 35 feet per second. 















Two recent SYLCOR developments 
warrant your study in designing 
or fueling nuclear power plants: 


(1) The SYLCOR ‘Package Fuel’’ Plan: 
You obtain your allocation for nuclear 
material... SYLCOR does the rest for a 
fixed price which is the total charge. Send for 
information. 


(2) Standard Fuel Elements: SYLCOR eliminates custom 
design, special drafting and engineering, estimating time, 
special tooling and testing. Data sheets and detailed draw- 
ings on four types available. 
























Write for ‘“‘Nuclear Fuels: Key to Reactor Performance” 
and ‘‘Physical & Engineering Properties of Materials for 
Nuclear Fuel .Elements."’ Sylvania-Corning Nuclear Cor- 
poration, Bayside, Long Island, New York. 








SYLVAN A= 
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and 


es meet most requirements for 
ploy a range of reusable end 
d, be assembled to the hose 


Lockheed Avery flexible hos 
pressure OF vacuum and em 
fittings which may, if require 
on site. 


The following types are standard: 

Type !4 Low/Medium Pressure Hose- Sizes }” to 2” 
Cotton braided hose, lined and covered with synthetic ru 
£850 to 75 p-s-i., according to size. 

High Vacuum Hose. Sizes 14” to 5” 

der. For working pressures of 200 to 100 p.s.i. 


bber. For working 


pressures © 
Type 14wR Low-Pressure/ 
This type is ‘tailor made’ to or 
according to size. 

Types 75, 16, 77 and 78. High- 


Sizes }” to 2” 
Choice of four different linings, to 
or acid in ordinary industrial use. 


p.s.i., according to size. 


Pressure Single Wire Braided Hose. 


ery oil, chemical, spirit 


resist practically ev 
ures from 4,500 to 500 


For working press 


le Wire Braided Hose. Sizes }” to 2” 
, high-duty construction throughout. 


. Type 99 High-Pressure Doub 
orking pressures of 


Lined and covered with Neoprene 
Suitable for wyéryt fluids, diesel oil, petrol, etc. For w 
5,500 to 1,000 p-s-T., according to size. 


NORMAL TEMPERATURE RANGE FOR ALL HOSE -40C TO + 100C 
AVERY DIVISION 


LOCKHEED 
SHAW ROAD, SPEKE, LIVERPOOL, 24 


Telephone: Hunts Cross 212! Telegrams: Lockheed, Liverpool, 24 





PRECISION PRODUCTS LIMITED 


Telex 62394 


REGD. TRADE MARK: LOCKHEED 





These reusable end fittings are made 
of steel, cadmium plated. Some types 
gun-metal or light 


also available in 
alloy. 

Lockheed Avery self-sealing COUP- 
lings can be used with these hoses 
and end fittings; they instantly seal 
off the pipes when disconnected and 

prevent entry of air when 

reconnected. 


Don’t “* SCRABBLE ” around for your stainless steel stocks—go in 


for CASHMORISATION and make sure that you are getting the 


best available STAINLESS STEEL from STOCK SERVICE 


@ comprehensive stocks 
@ quick deliveries 


@ rapid contact through TELEX 


CASHMORISATION is AUTOMATION in STAINLESS STEEL 
from STOCK. 


Bars 
Flats 
Hexagons 


JOHN CASHMORE LIMITED eae 


Plate 


GREAT BRIDGE - TIPTON 


AlD 
STAFFS approved 


To specifications 
in general 
use 
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\ PLESSIFLEX 
application on the 
I ristol Bloodhound 


Ai 
Lg 





POWER AUXILIARIES LIMITED - Kembrey Street - Swindon - Wilts - Tel: Swindon 6211 


Overseas Sales Organisation—Plessey International Limited, Ilford, Essex Tel: Ilford 3040 





Conduct 


Tough, flexible, seamless, all-metal PLESSIFLEX is the most thoroughly 


reliable means of conveying fuels and chemicals— whether they are gases 




















or liquids, very hot or very cold, corrosive or inflammable— from one place 
to another. And this point is overwhelmingly endorsed by engineers in 
the aeronautical, nuclear, marine and chemical industries. 

At pulsing pressures, at high pressures or under vacuum conditions, 
PLESSIFLEX provides the vital link between those parts in your 
installations which are subject to continual relative movement. 

The basic components of PLESSIFLEX are the result of continuous 
development and testing, in consequence of which the complete hose units 
are unrivalled in their high quality. Offered in a range of sizes from 

4” to 24” bore, and in almost any metal you care to name, PLESSIFLEX 
may be tailored to your particular requirements. 

Suitably braided for stability, the tube itself is made from material that 
has been subjected to rigorous pre-process analysis—everything in fact 
about this versatile, incredibly robust product is shaped to the ends of 
higher performance and greater safety in fields where such requirements 


are essential. 


Our engineers are waiting to show you how | PLESSIFLEX 


can solve your piping problems 


PALI 4c 
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S | } 
clean to cut and sweep 
away—no mess to stick to 
boots. It comes in light, 
non returnable cartons 
which make handy off-cut 
bins—there’s no waste 
with Caposite. 





INSULATION 





‘efficient, economical’ 


Caposite insulation has high thermal efficiency due to its 
being made from unique long fibred amosite asbestos from 
. the company’s own mines. These long fibres give 
\ Caposite great mechanical strength, enable it to be preformed 
in large sizes, and to be applied as a single layer. 





amosite asbestos preformed insulation 


THE CAPE ASBESTOS COMPANY LTD 


Capt 114 & 116 PARK STREET, LONDON W.!. GROsvenor 6022 


GLASGOW: Hobden Street, Petershill Road, Glasgow N.1. Springburn 6144 


MANCHESTER: Floor D. National Buildings, St. Mary's Parsonage, Manchester 3. 
Deansgate 6016-7-8 


BIRMINGHAM: 11 Waterloo Street, Birmingham 2. Midland 6565-6-7 
NEWCASTLE: 19 & 20 Exchange Buildings, Newcastle. Newcastle 20488 TA163) 
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JOHN THOMPSON (WOLVERHAMPT ON) LTD WOLVERHAMPTON 


wvpP7 
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BEeas 


PSEEREREBER 





Manipulators 


The ma lators used at atomic establish- 

ments have to operate under exacting condi- 

tions. They are constructed of stainless steel 

en plated aluminium and the plate 

unctions. It resists corrosion and, 

the smoothness of the finish, it also 

nation of the component 

)-active material; and the com- 

f stainless steel and Kanigen plated 

n reduces the electro potential differ- 

2n the component parts. These 

manufactured by Savage & 

ied to users all over 

i. Kanigen is used on the aluminium 

parts of the Tong End assembly and the Mater 
Hand assembly. 





TOP | td 


A HARD 
& CORROSION 
RESISTANT 
PLATE 


KANIGEN is a nickel-phosphorus plate deposited 
by chemical reduction: thickness can be con- 
trolled to fine limits and is of complete and 
uniform coverage. 


PROPER Ss: 
Composition 2% Nickel 

8°. Phosphorus 
Melting point 890°C. 


Electrical 60 microohm cm. 
resistivity 


Hardness 500—1,000 V.P.N. 

according to heat 

treatment 
Coverage Extremely uniform 
Kanigen can be applied to all ferrous metals, 
aluminium, copper and brass. The plating plant 
at Oldbury has now been extended, two extra 
plating tanks are in operation and enquiries for 
jobbing plating are welcomed. Full information 
is available on request. 


Albright & Wilson 


(MFG) LTD 
Kanigen Department 
1 KNIGHTSBRIDGE GREEN * LONDON SWI 


Kanigen is aregd. trademarkof Albright &WilsonLté 


ae a 
enw 63) \ KANIGEN / 
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ad 


2 LEAD, TIN, ANTIMONY 


SOLDERS and thelr alloys j 


| ANTI-FRICTION 
METALS | — 


_ 


DENSE LEAD 


Ching in uch witt> wuts won 


ASSOCIATED LEAD 


usually leads to better things 


No matter how you do it, no matter what your particular industrial need, getting in touch with Associated Lead is bound to 
lead to better things—better products, better processes—for you and your industry. 

Associated Lead Manufacturers Limited is a single company specialising in the manufacture and supply of lead and antimony in 
all their many forms; alloys; pure metals; chemicals and pigments. 


ASSOCIATED LEAD MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2. CRESCENT HOUSE, NEWCASTLE. LEAD WORKS LANE, CHESTER Ey 


Export enquiries to: Associated Lead Manufacturers Export Co. Ltd., Clements House, 14 Gresham Street, London E.C.2 
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Nuclear 



















ALEX FINDLAY AND COMPANY LIMITED 
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Eight specialist companies make up the nuclear octave. 
Each sounds exactly the right note in terms of its own 
particular skills and experience. In combination they form 
N.P.P.C. which thus has all the resources necessary for 
the construction of complete nuclear power stations 
throughout the world. 

At Bradwell, Essex, N.P.P.C. are building a new nuclear 
power station for the Central Electricity Generating Board, 
with a guaranteed output of 300 megawatts. This great 
enterprise is a commercial venture aiding  Britain’s 
economy and emphasising her world lead in the practical 
application of atomic power for peace. 


A Greater Britain through Nuclear Power 


THE NUCLEAR POWER PLANT COMPANY LIMITED 


PARSONS AND COMPANY LIMITED - A. REYROLLE AND COMPANY 

WRIGHTSON AND COMPANY LIMITED 
WHESSOE LIMITED - STRACHAN AND HENSHAW LIMITED 

CLARKE CHAPMAN AND COMPANY LIMITED 


BOOTHS HALL - KNUTSFORD - CHESHIRE 


SIR ROBERT MCALPINE AND SONS LIMITED 


NUCLEAR POWER December 


ba 


if LINCOLN lead the field 
,~ > With the completely NEW 


\ 


GAS WELDING DEVELOPMENT 


LECO No.1 All purpose 


FLUX COATED Bronze Welding Rod 





For further details of LECO No.1, 
the money-saving rod for oxy-acetylene 


welding and brazing, please write to: 


ER 
_ meme OF THe 


LINCOLN ELECTRIC CO LTD (SKOY, 


Welwyn Garden City - Herts - England - Telephone: Welwyn Garden 920/4-4581/5 
Cables: Shield Arc Welwyn Garden City 
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BRISTOL SIDDELEY ENGINES LIMITED 
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OF GAS BEARING 
COMPRESSORS CAPABLE OF 
HANDLING GASES 
UP TO... 

2,000 psi and 700°C 


with input powers up to 2,000 hp 
They have many advantages 


They are: 

Free from lubricantcontamination 
Totally enclosed, needing no me- 
chanical seals 

Practically maintenance-free 
Capable of operating over a 
wide range of temperatures and 


pressures 


COVENTRY 





BRISTOL SIDDELEY 


HAVE DESIGNED A RANGE 


" ENGLAND 
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150 MW, 


Nuclear power station 

with boiling water reactor. 
Development and design aimed 

at increasing steom temperature . . . 
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15 MW, 


Nuclear power station 
with boiling water reactor 
System General Electric. 









Total planning, construction 
and initial operation of plant... 


10 MW,, 


D270 — tank-type 


... THESE ARE THE 
DEVELOPMENT STAGES 
FOR POWERFUL 


research reactor. 


Supervision of reactor 
manufacture, 

total planning 

and installation. . 


5 MW,, 


"Swimming pool’ 
research reactor. 


Total planning 
and installation. 
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Badges or dosemeters ? 


9 NUCLEAR POWER December 1959 


SIR: I would like to make a few 
comments on the very interesting 
article entitled ‘How a film badge 
service operates’ by J. Dealler in 
your issue of September 1959. This 
gives a very complete description of 
the operation of the service and points 
out the various advantages of film 
badge monitoring, particularly where 
mixed radiation and_ radioactive 
chemicals are in use. 

By far the most important need 
for monitoring at present, however, 
concerns users of gamma-ray emit- 
ting substances or high power X-rays 
for industrial radiography, and the 
fact that industry in general makes 
far more use of the pocket electro- 
meter dosemeter suggests that it must 
have special advantages over the film 
badge. The most important of these 
advantages is that the dose can be 
read at any moment by the operator. 
The confidence and sense of security 
given to the operator by such a means 
of ascertaining the safety or otherwise 
of his surroundings, cannot be over- 
emphasized. 

The author mentions that the range 
of these instruments is limited and 
that they cannot distinguish between 
Ir and 10r, but of course such figures 
would never be approached in practice 
since a continuous watch would be 
kept by the operator on his electro- 
meter dosemeter. 

It is rather curious to read that the 
author considers that a fortnight be- 
tween readings of film badges is a 
reasonable period. Users of pocket 
dosemeters probably refer to them 
every few minutes when exposed to 
radiation, and certainly once a day 
even when not exposed. 

It is a pity that the draft regula- 
tions of the Ministry of Labour are 
quoted as a guide to the use of elec- 
trometer dosemeters, since it must be 
remembered that these are, in fact, 
only a draft and another draft is in 
course of preparation. The ICRP 
Regulations, on the other hand, make 
no distinction between the use of 
electrometer dosemeters or film 
badges, merely saying that ‘the dose 
should be measured on any suitable 


The Editor welcomes correspondence 
publication. 
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instrument.’ This, I feel, is the right 
way to deal with these matters, by 
recognizing that there is no one best 
method but that the most appropriate 
method to the work in hand be em- 
ployed. After all, there is no reason 
to believe that something much better 
even than the pocket electrometer 
dosemeter may not be evolved in 
future, and to tie down regulations to 
one type only of dose-measuring de- 
vice would surely be unwise. 
Assistant Director, Research J. S. BLAIR 
Stewarts and Lloyds Ltd., 

Corby, Northants 


Vacuum switch 


SIR: Referring to our vacuum switch 
article in the November issue I note 
that the time scale (1 microsec/cm) 
and current scale (1-4 X 106 amperes/ 
cm) on Figure 3 have disappeared 
during reproduction. Also, the oscil- 
logram is upside down. 

Group Leader, G. M. BRACEWELI 
High Temperature Physics Group, 
Hawker Siddeley Nuclear 

Power Co. Ltd., 

Langley, Bucks 


pin spite of all the care that is taken, 


mistakes still seem to creep into the 
magazine and we apologize to Mr. 
Bracewell and his colleagues for the 
unfortunate error in their article. 
Editor 


Halogen-quenched tubes 


SIR: In his article in your October 
1959 issue (Electronics for radiation 
detection—Discriminators and _ allied 
circuits) Mr. F. H. Wells describes a 
GM quench unit and quite rightly 
states that improved operation is ob- 
tained. He does not, however, make 
it clear that this only applies to 
organically-quenched geiger miiller 
tubes, and not to the _ halogen- 
quenched tubes which are now being 
more widely used. 

Florida and Davey have shown 
(Atomics 1954, 5 p. 229) that in gen- 
eral halogen-quenched tubes may be 
used in this circuit, but that it is not 
suitable for high current types. Our 
work shows that a simple modifica- 
tion of the anode resistance and 
coupling capacity makes the circuit 
suitable for all halogen-quenched 
types. This consists of dividing the 


VOLUME 4 


NUMBER 44 


resistance equally and taking the pulse 
from the mid point. The coupling 
capacity should be reduced from 1000 
pico farads to 300 pico farads and all 
stray capacitance kept to a minimum. 

A quench probe is, of course, not 
required to improve the operation of 
halogen-quenched tubes, but in pro- 
viding a known dead time its con- 
tinued use is probably justified. 
X-ray Division, M. J. BUTLER and 
Mullard Ltd., IAN W. MACINTOSH 
Mitcham, Surrey 


PUBLISHER'S 
COLUMN 


A new beginning 
Organizing magazine makeup so 
that the busy man can quickly 
find the items he wants to read 
first has always been one of the 
main aims of Rowse Muir Publi- 
cations. While readers seem 
pretty happy on the whole with 
the present arrangement of 
NUCLEAR POWER we have heard 
| Noises to the effect that it is 
difficult to find where the maga- 
zine actually begins. They open 
the cover and find the contents 
on the first page: so far so | 
| good. But actual features began, 
until the last issue, with a half 
page of publishers column, a 
half page of letters, another half 
page of letters, then the leader ; 
and some readers found that on 
flipping through they could 
| miss some of these altogether. To 
do away with these half pages 
meant, of course, abolishing 
‘next lit’ advertisements and 
reducing the number of ‘ facers’ 
allowed. Nevertheless this has 
now been done in order to tidy 
up the beginning. The contents 
proper will start with this page, 
carrying letters and this column, 
and go straight on through the 
leader to Worldview. We hope 
it's now going to be easy for 
everyone to find what they want. 











specifications 


Long experience in the 
production of wrought light 
alloys has enabled us to meet 
the new high standard 
demanded in the field of 
nuclear engineering. 


Birmetals manufacture 
magnesium and aluminium 
alloys in the form of sheet, 
strip, plate, tube, wire, rod and 
bar, extruded sections and 
forgings to all U.K.A.E.A. 
specifications. 


harman a 


is at your disposal. 





Birmetals 





BIRMETALS LIMITED - WOODGATE WORKS -: BIRMINGHAM 32 


aM 237 
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Dounreay 


NOVEMBER 14th MARKED BOTH the end of a 
very embarrassing period for the Atomic Energy 
Authority and the beginning of the second stage in the 
history of atomic power in Britain. The Authority has 
succeeded at least in starting up its fast reactor; now 
we can settle down to wait and see what it can do. 

When building started in March 1955 the project 
seemed imaginative and praiseworthy. Then came the 
snags. A serious fault was spotted in the catchpot de- 
sign, which had to be changed. Fuel elements already 
made were reappraised and scrapped; more redesign- 
ing followed. As the holdups multiplied and the delays 
stretched into months the ranks of its critics swelled ; 
references to the DFR became cooler even in the highest 
levels of the Authority. The appetite for advanced ex- 
periments was reduced still further by the Windscale 
accident, which also robbed the project of many of its 
staff in the subsequent reorganization. 


Vital but suspect 

Commissioning finally began a year ago and while 
the staff toiled to overcome the difficulties described by 
Mr. Phillips in this issue, the DFR appeared to be lan- 
guishing in a backwater, absorbing only 10 per cent 
of the Industrial Group’s research effort and well down 
on the list of priorities. Though it remained officially 
the key to future plans this was only because no satis- 
factory alternative had been found. But meanwhile it 
became increasingly evident that the economics of ther- 
mal stations working in isolation are just not good 
enough and the report of the Select Committee on 
Estimates last June reminded the Authority that the 
concept of an integrated system of plutonium-produc- 
ing thermal and plutonium-burning fast reactors still 
offers the best prospects for economic power genera- 
tion. The promise of fast reactors producing electricity 
at 0-3-0-4d. a unit was even used to justify the first 
round CEGB stations with their 0-7d. a unit generating 
costs. The report took the view that the future course 
of the power programme would be directly affected 
by the availability or otherwise of fast reactors in the 
early 1970’s, and said that the problems must be solved 
by 1966 at the latest. 

Why are fast reactors so desirable? It may be worth 
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recalling the remarks of J. W. Kendall and T. M. Fry 
in their paper to the first Geneva conference: ‘ The 
fundamental reason for developing the fast reactor was 
that it seems capable of more efficient utilization of 
uranium fuel than a system based on thermal fission. 
The energy content of the 238 isotope is little different 
from that of 235 but when natural uranium is fed into 
a thermal system all but a few per cent, depleted in its 
content of 235, must be thrown onto the ash heap. The 
need to conserve uranium may not be great at present 
but ultimately the possibility, afforded by the fast sys- 
tem, of using almost all of the uranium should be most 
attractive.’ 


Prospects still bright 

This is just as true today as it was four years ago. 
By burning the plutonium produced from thermal reac- 
tors the fast reactor could increase the useful energy 
value of one ton of uranium from ten thousand to 
a hundred thousand tons of coal. By the successful 
application of the breeding principle the utilization 
might be increased ten times more. 

The technological problems to be overcome are for- 
midable. The DFR produces seventy-two megawatts of 
heat in a core of a few cubic feet. Liquid metal has to 
be used to remove it and experience in this field is 
neither ample nor reassuring. A satisfactory design of 
fuel element to keep its shape and strength after the 
burnup of a large proportion of its constituent atoms 
must be achieved. Control problems are more complex 
than with thermal reactors and the results of a runaway 
potentially much more serious. 


Next one must be simpler 

As a first attempt to cope with these it is not sur- 
prising that the reactor at Dounreay is complicated, 
cumbersome and heavily overdesigned. Its use may 
enable simpler solutions to be found. The fact that it 
will produce, when fully operational, about fifteen mega- 
watts of electricity to feed into the domestic system is 
merely incidental. The main task is to gain the experi- 
ence necessary to confirm and design the next step—a 
prototype fast reactor for the commercial generation of 
electric power. 
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‘HALF-LIFE’ 


But there’s no “magic” about radioactivity. 
Both its intensity and its rate of decay can be 
measured. The standard of comparison between 
different materials is taken as the period during 
which levels of radioactivity are progressively 
halved—the “‘half-life’’. 

Titanium, for instance, has a very short half- 
life—after exposure to radiation, it is quickly 
safe to handle again. 


It is therefore ideal for components of the 


IMPERIAL CHEMICAL 


METALS 
DIVISION 





INDUSTRIES LTD., 


charge/dischargeequipment of a nuclear reactor. 

It was I.C.I. Metals Division which, three 
years ago, gave Britain its first wrought titanium. 
As new markets have developed, the Division’s 
facilities for producing the metal have 
greatly expanded. And the unique technical 
knowledge acquired in taming titanium has 
been put to good use in developing other 
“new” metals, with a life (and a half-life) of 


their own. 


LONDON, S.W.1 








88 


Tick No 83 on reply card for further details 


NUCLEAR POWER December 


PR: 


1959 





al 


\Voridview 


the month in atomic energy 


New power group 

Babcock & Wilcox are to collaborate 
with Humphreys & Glasgow in the de- 
signing. fabrication and selling of small 
power reactors in the 20-30 MW range. 
Following the termination of the agree- 
ment between Alco Products Inc. of New 
York and Humphreys & Glasgow Ltd. in 
connexion with nuclear power units up 
to 30 MW capacity, the British company 
will concentrate on a similar range of 
power stations but will utilize pwrs de- 
signed and built by Babcock & Wilcox 
Ltd This arrangement will enable a 
purely British group to enter the field of 
small stations for undeveloped countries 
in line with the IAEA’s programme for 
the coming year. 


Site for ICSE fixed 


The Atomic Authority have 
finally decided on a site for their new 
thermonuclear research establishment. 
The AEA are now seeking the necessary 
approvals to acquire and develop a site 
of some 175 acres within the perimeter 
of the Royal Naval Airfield at Culham 
in Oxfordshire. One of the immediate 
tasks at this site, when approved, will be 
the construction of ICSE, intermediate 
current stability experiment (see World- 


Energy 



















view, August), This location has been 
chosen because of its proximity to AERE, 
the National Institute for Nuclear Re- 
search, Harwell, and Oxford University. 


INTERNATIONAL —— 


Power for the future 
At the recent two-day conference of the 
Round Table for European Problems the 
need for a coordinated energy policy for 
the whole of Europe was stressed. The 
present coal situation has brought about 
conditions which necessitate the reapprai- 
sal of nuclear power programmes as well 
as drastic reorganization within the coal 
industry itself. The need for atomic 
power has ceased to exist, stated Mr. 
Austin Robinson, President of the Con- 
sultative Committee on Energy for 
OEEC; he said there would be no 
shortage of conventional fuels over 
the next fifteen years. There was, how- 
ever, still a long-term need for nuclear 
power, as between the years 2000 and 
2025, Europe’s power consumption would 
be four to seven times greater than at 
present. 

It was proposed that nuclear develop- 
ments and construction should be inter- 
nationally integrated and form part of a 
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this month’s 


HARWELL A programme 
of neutron time of flight 
experiments is now being 
undertaken by a combined 
AEA and Commonwealth 
team. The facility (above) 
electron 
linear accelerator in con- 
junction with a multiply- 
ing target assembly (see 
Industrial 
Newsdesk). The neutron 
booster is seen with 
lead shield open 

closed (left and right) 


and 


complete 


scheme for Western 
Europe. The European Nuclear Energy 
Agency of OEEC stated that to take ad- 
vantage of the respite granted, joint 


power 


action in coordinating research pro- 
grammes which were too big for indi- 
vidual countries should be initiated to 
investigate new types of reactors. 


Slow but sure 

Brussels—Although detailed proposals 
have not yet been submitted in full under 
the Euratom-US Agreement, five enter- 
prises have announced their intention to 
submit detailed projects. The only estab- 
lished project so far is the Italian Elet- 
tronucleare-SENN Bwr to be constructed 
by the International General Electric 
Company. 

The German AKS project for an OMR 
is well forward and will be constructed 
by Atomics International in conjunction 
with its German associates, Interatom. 
Brown Boveri Company of Mannheim 
will be responsible for the civil engineer- 
ing aspects and all that remains to be 
settled are the final details of administra- 
tion and finance. 

The third project has been submitted 
jointly by Electricité de France and a 
Belgian Group, Centre et Sud. While the 
site survey at Chooz on the Meuse near 
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NEW POWER CHIEF The Hon. 
Richard Wood has been appointed 
Minister of Power in the new Gov- 
ernment. Previously he was Parlia- 
mentary Secretary to the Ministry of 
Labour and National Service which 
he joined in April 1958, after having 
been Joint Parliamentary Secretary to 
the Ministry of Pensions and National 
Insurance since December, 1955 


the Franco-Belgian frontier has been 
completed, definite reactor proposals are 
still to be worked out. Similarly, the 
Dutch project has not yet been finalized, 
but a detailed study is being carried out 
by the SEP, an association of all the 
Dutch electricity producers. 

Scheduled for completion in the second 
stage of the Euratom-US programme is 
the West Berlin project for a 1S0 MW 
station to be in operation by 1965, De- 
tailed technical planning is already under 
way and discussions have taken place 
between members of the Land of Berlin 
and Euratom in 
special health protection 
due to the unique siting problems in- 
volved. The plant, when built, will be 
operated by the West Berlin utility com- 
BEWAG. 

During a recent visit to America, the 
President of Euratom, Etienne Hirsch, 
stressed that while the proposed pro- 
gramme was not being brought into effect 
as quickly as originally planned, condi- 
tions were still favourable, and he 
stressed that it was to be a joint venture. 
meaning that both American and Euro- 


connexion with the 
requirements 


pean industries would take part. He went 
on to emphasize that neither the US Gov- 
ernment nor Euratom should go into the 
power reactor business or become dir- 
ectly involved in the management deci- 
sions to proceed with this or that reactor. 
The joint US-Euratom programme has 
been designed solely to bridge part of the 
gap between the costs of conventional 
and nuclear plants. 


- CANADA 


New centre planned 

Chalk River—Atomic Energy of Canada 
Ltd. is to build a nuclear energy research 
and development centre in Manitoba. 
The directors of the company have re- 
commended to the Federal Government 
that to permit Chalk River establish- 
ment to operate at its maximum effici- 
ency it should not continue to expand 
Preliminary discussions have been held 
with the Government of Manitoba and 
it is expected that site surveys will be 
carried out shortly and the site selected 
by early next year. 








The construction of the buildings ; ad 
laboratories and the installation of equ p- 
ment and technical services at the te 
will begin with the next major pro :ct 
to be undertaken by Atomic Energy of 
Canada Limited in the research and __ e- 
velopment field. This will probably be in 
organic-cooled, heavy-water-modera 2d 
power reactor experiment. 


ITALY - 
US help for power plant 


Milan—A credit of $M34 to assist tne 
establishment of the Enrico Fermi plant 
by SELNI has been given by the Export- 
Import Bank of Washington. Initially the 
output of this station will be 165 MWe 
but it will be eventually stepped up to 
225 MWe. Westinghouse Electric is pro- 
viding the nuclear equipment which will 
be a heterogeneous pressurized reactor 
using light water as both moderator and 
coolant and having a three-region, three- 
cycle core. A heat output of 615 MW has 
been guaranteed and future fuel loadings 
are expected to raise this output to 


THE DUKE VERSUS MERLIN H.R.H. The Duke of Edinburgh runs into a little 

trouble when trying to start the Merlin research reactor at the recent official 

opening. It refused to function at first, but the Prince returned to the attack later 
after the staff had worked on it, and succeeded in starting it up 


LARGEST REACTOR IN GERMANY The final stages of construction are now 

being completed on this 12 MW research reactor at Karlsruhe. When in operation 

‘ the centre, costing some £M17, will employ 1500 scientists and research workers 
on joint programmes for Euratom and the Technical University of Karlsruhe 















<LI 


843 MW. The reactor fuel will be slightly 
enriched uranium in the form of uranium 
dioxide clad in stainless steel, The core 
will contain 39,000 kg. with an enrich- 
ment of from 2-6 per cent to 2-8 per 
cent and will permit replacement in one- 
third of the core loading. 

This plant will be the largest unit in 
Europe to be built for a private com- 
pany containing American nuclear equip- 
ment, and is expected to achieve criti- 
cality within the next four years, 


SPAIN 


Site work for No. 1 starts 


Madrid—At Santa Maria de Garona, in 
the Ebro valley, work has started on site 
preparation for the first Spanish nuclear 





























aa Dresden ahead of Schedule 


On October 15 (see last month’s Worldview) the 180 MW BWR 
designed and built by General Electric for the Commonwealth Edison 
Co. went critical, some six months ahead of schedule. Pictures show : 
1. During preliminary trial running of the turbogenerators, the 
opportunity was taken to give a final check to the instruments and 
controls. 2. To the right of the spherical reactor containment vessel 
is the exhaust chimney for blowing generated steam to atmosphere 
from a condenser in the event of an emergency. 3. During fabrication 
of reactor components the guide tubes for the control rod drives, 
made by GE’s Atomic Power Equipment Department, were checked by 
special depth gauges. 4. Continuity of cross-section through the length 
of the zircaloy fuel channels was ensured by special gauges. When 
completely loaded, the Dresden core will hold 488 elements, each con- 
taining 36 zirconium alloy-clad fuel rods, 9 ft. 9 in. long and slightly more 
than half an inch in diameter. 5. Working to a tight construction pro- 
gramme, the bottom core support plate was passed by the inspecting 
authority for installation into the reactor vessel during April 1959. 
When the reactor is brought up to full power during the first half of 
1960, the reactor will be producing 626 MW gross heat. The coolant 
flow will be 25-6 x 10°lb/h at an output pressure of 1020 Ib/in? and 
temperature of 542-5°F. Operating at full power the net efficiency of 
the plant will be 28-8° 
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power station. The type of reactor to be 
installed will not be finalized until 1961 
but it is estimated that the plant will 
eventually have an output of 250 MW, 
using two turbogenerators of 125 MW 
each. When completed, the project is 
expected to cost some M9750 pesetas 


- SWEDEN 


Power plans cut 

Stockholm—tThe Swedish State Power 
Board have decided that the R4/Eva 
power plant project, originally scheduled 
to be completed by 1965, is to be post- 
poned. At the same time British and 
American groups have been informed by 
the Board that nuclear power generation 
is not considered as being economic in 
the forseeable future and the earlier en- 
quiries for plant will not be proceeded 
with. 

In collaboration with the Swedish 
Atomic Energy Company and _ local 
manufacturing companies it is proposed, 
however, to continue work on the use 
of a natural-uranium-fuelled, heavy 
water-moderated reactor of Swedish de 


AEC contract, valued at nearly $M1, for 
the development and first critical experi- 
ments of a liquid fluidized bed reactor, 
LFBR. This reactor will be in the form of 
a large upright cylinder and the fuel will 
consist simply of a heap of pea-sized pel- 
lets of slightly enriched uranium com- 
pletely immersed in water inside the 
cylinder. 

While water is at present being used as 
the * fluidizing * liquid in the reactor core, 
organic materials are also being studied. 
Under this contract, Martin-Nuclear will 
study abrasion effects on various types 
of fuel pellets, both with and without 
metal cladding. as well as conducting 
zero power tests. Already the effects of 
abrasion has been greatly reduced by the 
addition of powdered graphite to the 
water in the reactor and is anticipated 
by Martins that the graphite will also 
improve the heat transfer characteristics 


- VIET-NAM 
Research in the Far East 


Delat—A grant of $350,000 towards the 
cost of establishing a nuclear centre in 








LATINA While pro- 
gress has not been 
made as quickly as 
anticipated, the bi- 
ological shield re- 
inforcement with 
cemetry tubes is 
approaching ground 
level and the major 
portion of the re- 
actor pressure ves- 
sel bottom dome 
and first ring assem- 
bly have been com- 
pleted 











sign, with a view to having a full-scale 
power plant in operation by the end of 
the 1960's. Work will continue on the 
R3/Adam project for space heating. 

In place of the Government's plants, 
AKK, a nuclear power development con- 
sortium formed by leading Swedish 
private and municipal power producers, 
are proposing to build a small plant by 
1965. It is envisaged that an American 
50 MW pwr, designed by either General 
Electric or Westinghouse, could be built 
under licence in Sweden at a cost of 
between £M8} and £M10}. Firm tenders 
from the Swedish representatives of the 
American companies have already been 
invited 


- UNITED STATES - 
New reactor design 


Baltimore—The Nuclear Division of The 
Martin Company have been awarded an 
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Viet-Nam has been made by the US 
Atomic Energy Commission. Under the 
director of Prof. N. F. Buu-Hoi, Direc- 
tor General of the Office of Atomic 
Energy of Viet-Nam, a local company 
will carry out the construction, super- 
vised by Kaiser Engineers Inc. The re- 
actor will be a multi-purpose, 100 kW 
Triga Mark II, manufactured by Gen- 
eral Atomics of the General Dynamic 
Corporation. 


WORLDBRIEFS 


© International Under the 1955 agree- 
ment of cooperation between the US 
and the UK, it was announced on Nov- 
ember 16 that technical information on 
the development, design and operation 
of advanced gas-cooled reactors is to be 
exchanged between the two countries. 
This will apply only to the existing 
AGR’s at Oak Ridge and Windscale, 


with the latter's associated fac \ity, 
Hero. The information exchanged will 
be made available to industry. 


@ United Kingdom Although all the 
boilers have been erected at Brad: ell, 
the overall project is now running six 
months behind schedule. 


@ Finland Approaches have been n ide 
to the United States for the suppl, of 
enriched uranium for fuelling a small re- 
search reactor to be built near Helsi:ki 


@ New Zealand A three-million-volt ; ar- 
ticle accelerator, costing some £80.00, 
has been ordered from the US for ‘he 
Institute of Nuclear Sciences at Grace- 
field. This will be the institute’s first 
major piece of equipment. 


@ Russia A_ delegation of scientists, 
headed by Prof. Vasily Emelyanov, head 
of the USSR Council of Ministers’ Cen- 
tral Atomic Energy Administration, have 


visited American atomic installations 


@ Switzerland At the request of the 
government, an advisory panel from the 
IAEA is to carry out a technical evalua- 
tion of the safety aspects of Diorit, a 
12} MW research and materials testing 
reactor. 


@ United Kingdom The _ Radioactive 
Substances Bill has been published. This 
will, with the exception of the AEA and 
other Government establishments, control 
the use of active materials and the dispo- 
sal of waste radioactive materials. Pen- 
alties for non-compliance include fines 
up to £100 and imprisonment. 


@ United Kingdom Prof. C. T. R. Wilson 
died on November 15 at the age of 90 
He introduced the cloud chamber tech- 
nique in 1911 and was awarded the 
Nobel Prize for Physics with the Ameri- 
can scientist, Prof. A. H. Compton, in 
1927. 


@ United States The AEC’s Argonne Fast 
Source Reactor. AFSR, is now critical. 


@ United States A General Atomic’s 
rriga Mark II is to be installed at the 
Kansas State University and is scheduled 
to be in operation in late 1960. 


© United States Two pwrs of the land 
based prototype plant for large surface 
vessels have operated in parallel at full 
power. Known as the AIW, this is the 
first US unit to have two reactors power- 
ing one propeller shaft. 


®@ United States The AEC has revised its 
specification for small pressurized water 
reactors for power generation to include 
a conventionally-fuelled superheater. 


@ Yugoslavia An investigation at the 
Boris Kidric Institute is to be held, in 
collaboration with the IAEA, into the 
accident which occurred there last year. 
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The breeder goes critical 


FOUR YEARS and eight months after 
construction began, the 15 MWe fast 
breeder power reactor at Dounreay went 
into operation at 10.52 a.m., November 
14. It was actually started up by Mr. 
William Munro, a charge-hand process 
worker. Dr. Hurst, director of the Doun- 
reay Establishment, said later that this 
was because Munro was on normal duty, 
‘and we thought it best to let the driver 
drive Others present included Sit 
William Cook, Mr. J. L. Phillips, and 
Mr. P. T. Fletcher. Three visitors from 
America were two from the Enrico 
Fermi project. Messrs. Shudko and 
Homeister. and Dr. W. Loewenstein of 
the AEC 

The reactor will now be cautiously 
operated at low power for a few months 
and may then be shut down if any fur- 
ther modifications are found necessary. 
It will later be worked up to its full 
power of 15 MWe by stages and con- 
nected to the distribution network. 

The centre of the plant is a hexagonal 
core 21 in. high and 20-Sin. across the 
flats, made up of 45% enriched uran- 
ium fuel elements surrounded by a 
blanket of natural uranium rods. The 
small size of the core and its high heat 
rating make it essential to conduct the 
heat away rapidly. This is achieved by 
placing the whole of the core and blan- 
ket in a stainless steel vessel filled with 
a liquid metal coolant, sodium-potassium 
alloy. It is circulated by electro-magnetic 
pumps through the vessel and through 
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November 14: 


twenty-four heat exchangers arranged 
radially outside it. The heat exchangers 
consist of two concentric stainless steel 
tubes, the inner one carrying the hot 
radioactive liquid metal which is circula- 





ON THE EDGE OF THE LAND Bounded by the fast reactor complex on the 
left and the materials testing reactor on the right the Dounreay establishment 
stretches over half a mile along the shore of Pentland Firth 


ted through the core, and the outer one 
non-radioactive liquid metal which is 
piped to a heat exchanger house and 
used to raise steam. The steam produced 
in the heat exchanger house can either 
be used to drive the turboalternator 
which is installed, or the heat can be re- 
jected to sea water condensers. The com- 
plete reactor with its primary heat ex- 
changer circuits is installed in a concrete 
vault within the 135ft diameter steel 
sphere which dominates the site. 

The only other fast breeder reactors 
in the world are the 150kW EBRI at 
the US National Reactor Testing Station 


THE FAMOUS SPHERE has just been cleaned up and painted: compare with 
illustration on the top left of the page, taken a few months ago. The sphere 
is flanked by the heat exchanger house (left) and the control room and 
administration block (right) in front of the active fuel element store 


in Idaho, and a 5MWt Russian plant. 
The DFR is the first power reactor ex- 
periment of any size, and will provide 
the experience necessary for the design 
of a full-scale prototype fast power sta- 


tion. Other fast power reactors down for 
completion soon are the American 16-5 
MWe EBR2 and the 100 MWe Enrico 
Fermi plant, both due critical next year. 





MAIN REACTOR DATA 
Output 72 MWt gross 
iS MWe gross 
Fuel Enriched U seed 
Natural U blanket 
Canning Seed: 
outside 0-02 in 
Niobium 
inside 0-02 in 
Vanadium 
Blanket 0-036 in. 
stainless steel 
Core size 20:5 X 21 in 
No. of channels 367 seed 
1872 blanket 


Loading at rated 800 kg enriched U 


power 66000 kg natural U 
Coolant Sodium/potassium 
Max fuel temp 1:510°F 
Coolant temp 392°F inlet 


662°F outlet 

359 kg/sec in core 

135 ft dia sphere 

12 groups each con- 
taining 10 fuel 

elements 


Coolant flow 
Containment 
Control 


@ For more information on the Doun- 
reay fast reactor and a coloured wall 
chart giving a large cut-away drawing 
see the June 1957 issue. 











DOUNREAY FAST REACTOR 
Commissioning 


and start-up 


by J. L. PHILLIPS, B.Sc., A.R.LC. 
Manager, Fast Reactor Project, U.K.A.E.A. 


Bringing the world's most advanced power reactor experi 
ment through final testing and into operation was a slow and 
difficult process. Here is the story by the man in charge 


HE DOUNREAY FAST REACTOR is not a pro- 

duction plant in the generally accepted sense of the 
term. The end product for which it has been designed is 
an increased knowledge of the operational characteristics 
of this type of reactor, which, because of its small core 
and consequent high heat rating, presents very different 
problems of operational stability when compared with the 
very much larger thermal reactors with their large heat 
capacity. 

The reactor is essentially an experiment to provide in- 
formation on fast reactor behaviour, and to provide a 
facility for development of a satisfactory fuel element 
which must combine the necessary strength and rigidity 
for normal handling and operation with the ability to with- 
stand the burnup of a large proportion of its constituent 
atoms without significantly altering its shape or strength. 

The reactor will produce considerable quantities of heat 
and the installed equipment includes a primary coolant 
system to remove up to 72 MWt from the core and blan- 
ket, and a secondary coolant system to transfer up to 
30 MWt from the primary system either to water or to 
produce steam. (Space has been left in the heat exchanger 
building for installation of another 30 MW of secondary 
heat exchangers when required.) When steam is being 
produced, it will be used to operate a 15 MW turbogener- 
ator unit which has been installed. A by-product of reactor 
operation will, therefore, be electrical power, and facilities 
exist for feeding this power into the distribution network 
of the North of Scotland Hydro Electric Board. 


CONSTRUCTION TESTS 
The experience gained from this reactor will be used 
in the concept and design of the prototype fast reactor 
which will have as its aim the economic production of 
power. Although an experiment, it is on such a scale that 
the reactor and its ancillaries constitute a fair-sized assem- 
bly of complicated equipment, and commissioning and 

Start-up presented very many novel problems. 
Considerable attention was paid in the design of the 
primary circuits to the prevention of coolant loss. This is 
because the residual fission product heat on shut-down 
after operation at even moderate powers would be suffi- 
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cient to melt part of the core in the absence of coolant 
In addition to taking precautions such as double walling 
all parts of the primary circuit, and providing leak detec- 
tors in the interspaces, the circuit throughout was designed 
to the highest possible standards. There are 24 primary 
circuits (see Figure 1), each containing an electromagnetic 
pump, a main heat exchanger, a smaller heat exchanger 
which operates continually on the thermal syphon sys- 
tem, a flowmeter, and a by-pass circuit containing an 
expansion tank, flowmeter, and either a hot trap, cold 
trap, or one of several types of meter for determining 
oxide content of the liquid metal coolant. All material in 
contact with liquid metal is of 18/8/1 stabilized stainless 
steel and all tubes were drawn and examined by specialized 
techniques. All shop and site welds were butt welds which 
were subsequently radiographed and leak tested. Stress 
relieving was applied to all heavily worked sections, and 
vessels and pipe work were tested hydraulically before 
leaving works. The circuits do not contain any valves and 
they are anchored only at the connexions to the vessel in 
order to permit free movement under changing condi- 
tions of temperature. 

After final assembly on site, an overall pressure test of 
the 24 primary circuits and the reactor vessel was car 
ried out. For this test the primary circuits were as near 
as possible in the normal operating state which would be 
with nitrogen at 50 1b/in® pressure above the liquid metal 
surfaces. Because of late delivery, blanks had to be fitted 
in place of certain items, e.g. cold traps, sampling devices 
and corrosion meter. 

The main problem of pressure testing a circuit of such 
size and complexity lay in the temperature correction 
which would have to be applied in interpreting the pres 
sure changes. The effects of temperature changes were re 
duced by installing a reference pressure vessel inside the 
circuit and measuring the changes in pressure between this 
reference vessel and the circuit itself. The installed tem- 
perature instrumentation was supplemented by extra ther- 
mocouples and resistance thermometers. Manometers were 
fitted to all volumes adjacent to the reactor and into which 
leakage could take place. 

Similar pressure tests were carried out on the 12 second- 
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ary cuits, connected in pairs, and upon the thermal 


syp! system. The leak jackets surrounding primary cir- 
cuits and the reactor vessel were also tested in the same 
mat 


As indicated earlier, the problem of the effects of tem- 
peraiure changes was a considerable one. At 55 lb/in® g 


a change of 1°C would cause a pressure change of 6°66 in. 
water gauge, whereas a leak rate from the system of 1000 
cc/h would only give a change in pressure of 0-082 in. 
water gauge in 24 hours. Although due regard was paid 


to the accuracy of the temperature measurement, as the 
circuits covered a large area the temperature measure- 
ments were widely dispersed and there were significant 
changes of temperature from point to point. Assumptions 
were made, therefore, by which proportionate volumes 
were allocated to the measured temperature points and 
the temperatures weighted in this way. 

Despite all these precautions, there was a considerable 
scatter about the mean line of pressure with time, of the 
order of + 4 in. water gauge, of which instrument accur- 
acy and reading errors could account for about 3-4 in. 
The effects of temperature variation on the secondary cir- 
cuits was larger—as expected—than for the primary cir- 
cuits. The measured leak rate varied from day to night and 
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The primary heat transfer circuit (Fig. 1) 
1. Cooling air drawn over by 14. Thermal syphon heat ex- 
chimney suction changer 
2. Expansion 15. Pipe to secondary heat ex- 
3. Cold trap change. 
4. NaK/air heat exchanger (in 16. Coolant monitoring system 
chimney ) 17. Leak jacket 
5. Cold trap, hot trap, coolant 18. Primary heat exchanger 
sampler or corrosion meter 19. Leak jacket 
Flowmeter 20. Reactor vessel 


Expansion tank 

Leak jackets 

Primary circuit charging pipes 
10. Ring main 


21. Circuit leak detector (24 off) 
22. Vessel leak detector 
23. Buffer tank 


oon 


11. Pipe to dump tank 24. Thermal syphon dump tank 
12. 2-in. bore ring main 25. Solid waste collecting vessel 
13. EM pump 26. Primary circuit dump tanks 


in some cases a negative leak rate was shown and must have 
been due to an error in the assumption of proportionate 
allocation of volumes to the temperature measuring points. 

Nevertheless, although the results were subject to the 
errors indicated, they did in fact demonstrate that the 
overall leak tightness of the plant was good for a circuit 
of this size and complexity. It was considered that the 
tests had demonstrated that the liquid metal circuits, in 
particular the primary circuits, were sound and the final 
Stages of construction were continued. 

Construction work had reached the point by the end 
of November 1958, where, although final completion was 
impossible because of non-delivery of certain items, it 
was nevertheless obviously of advantage to the project 
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for Operations Staff to take over the plant and to com- 
mence commissioning. Construction was left to be com- 
pleted by the Site Engineering group as possible and con- 
venient to fit in with the commissioning programme. The 
reactor sphere and contents were therefore handed over 
from Construction Branch on December 8, 1958. 

Earlier in 1958, Operations Group had already taken 
over the ancillaries, i.e. sea water pump house, diesel gen- 
erator house, heat exchanger house, electrical link build- 
ing, administration building and control room. In each 
of these buiidings and in the sphere, installation was car- 
ried out by Construction Branch in accordance with test 
schedules drawn up by the Design Office. At these tests 
representatives of the Establishment Engineering and 
Operations groups were in attendance, and assisted in many 
cases, in particular with the pressure testing described at 
some length above. The take-over was therefore a gradual 
process culminating in the final date of December 8, 1958. 


STAFF TRAINING 

During 1955, Zeus had been constructed at Harwell in 
order to provide basic physics information required for 
certain design aspects of the Dounreay Reactor. The selec- 
tion of certain personnel for eventual duty at Dounreay 
was made at that time so that they could work on Zeus 
and at the same time acquire a more specialized know- 
ledge of the physics of the system. 

As construction progressed, more of the staff were re- 
cruited and spent periods in the Design Office, and work- 
ing on reactors at Harwell, Windscale, and Calder. The 
opportunity was taken to send shift supervisors to the 
Harwell Reactor Training School. A series of lectures was 
given to the technical foremen by the professional staff 
in order to stimulate discussion about the problems to be 
faced in start-up and operation of the reactor. 

To provide an objective for the time spent in the Design 
Office, the writing of a descriptive manual was undertaken. 
Besides ultimately providing a valuable work of refer- 
ence, the searching out and presentation of the informa- 
tion ensured that the personnel acquired a good under- 
standing of the equipment and were then in a position to 
specify operating instructions. Production of the descrip- 
tive manual was followed by an operational manual in 
which there were two sections. The first of these dealt with 
technical policy of operation, covering such items as 
organization, limits of operation and procedures. The 
second part of the operational manual comprised the de- 
tailed operational instructions for every item of plant. The 
value of the production of such manuals cannot be em- 
phasized too strongly: they are time consuming to pro- 
duce, but provide a sound basis for approaching opera- 
tion of the plant. 


COMMISSIONING 

The fact that this reactor uses a liquid metal coolant 
from which the atmosphere had to be rigorously excluded 
introduced many novel problems, and much attention was 
paid to proving satisfactory functioning of equipment 
which would ultimately be associated with the liquid metal 
either during operations or maintenance. The commission- 
ing was divided into four separate and distinct phases as 
follows: 
Stage 1—Dry testing In this phase, the operation of all 
equipment was tested as far as possible in the way in 
which it would be used operationally but in the absence 
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Diagram of reactor vessel shows position of access holes 
to core and breeder and to control unit mechanism tubes 
(Fig. 2) 


of liquid metal. The initial natural uranium charge was 
loaded during this phase. 

Stage 2—Liquid metal preparation and charging Partly 
overlapping Stage 1, the liquid metal charge—some 120 
tons of 70/30 NaK alloy—was prepared and charged into 
the circuits. 

Stage 3—Testing in liquid metal Those items of equip- 
ment which were ultimately to work in liquid metal were 
tried out in the liquid metal at this stage. Trial removals 
of equipment for maintenance purposes were also carried 
out. 

Stage 4—Final approach The method adopted for critical 
assembly was basically that used for Zeus. Enriched 
uranium elements were exchanged one at a time for natural 
elements until criticality was achieved, and then the de- 
sired degree of super-criticality was added. 

The principles of the commissioning programme were 
considered by a start-up working party under the chair- 
manship of myself as the Fast Reactor Project Manager, 
with representatives from the Fast Reactor Design Office. 
Risley, the Reactor Division, Harwell, Dounreay Engineer- 
ing Division, Dounreay Health and Safety Division, Doun- 
reay Fast Reactor Operations Group, and Dounreay Fast 
Reactor Technology Group. 

STAGE 1—DRY TESTING 
Preparation for charging 

During operation mechanical seals are made between 
the reactor vessel and outer shield and between the outer 
‘and inner shields. Before charge/discharge operations can 
take place, these seals are broken after reducing the gas 
pressure from 50 1b/in* to 0:5 lb/in®. This reduction in 
pressure is achieved by means of diaphragm type pumps 
which transfer the nitrogen from the vessel gas space and 
buffer vessels into shielded storage tanks. The blanket gas 
at O-Slb/in.* is retained in the vessel by mercury and 
mercury amalgam seals which permit rotation of the 
shields. Figure 2 indicates the positions of the access holes 
through the shields. 

All the equipment is then stripped off the 2 ft 9 in. plug 
and an adaptor valve fastened onto and over this plug. 
Figure 3 shows this equipment in position but with no 
electrical or instrument connexion made. This valve con- 
tains a four-jaw clamp which is then operated to hold in 
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the charge plug while the retaining bolts are removed. ” he 
charge plug flask is positioned onto the valve and the fl sk 
interior purged by successively pressurizing and exhaust 1g 
to atmosphere with oxygen-free nitrogen which has b: en 
passed through a liquid metal scrubber to reduce the o y- 
gen content to less than 10 parts per million. Purging is 
carried out until the oxygen level is less than 100 pp n. 
An electrically operated grab is then lowered from a 
winch in the flask and engaged in the charge p! ig 
top. The four-jaw clamp is opened and the plug wi 1- 
drawn into the flask. After closing the adaptor valve ‘o 
seal off the reactor, and closing the flask valve to maintain 
the plug in a nitrogen atmosphere, the flask is then 
moved. 


A similar procedure in reverse is used to insert the liner 
tube from the liner tube flask. This liner tube dips below 
the liquid metal surface and isolates the blanket gas, which 
will ultimately be active, from the charge machine. 

Both the charge plug and liner tube flasks were tested 
mechanically and functionally in that they were operated 
as though liquid metal were present. Before these opera 
tions were satisfactorily carried out,. minor modifications 
were necessary to provide freedom of movement of the 
grabs while ensuring correct alignment. 


Fuel handling 

Each new fuel element is placed in a lead lined, stainless 
steel can which is evacuated, nitrogen filled, and fitted with 
a rubber gasketed lid. The canned element is then fed, with 
up to 32 others, into the magazine of a canning station 
inside the sphere. The magazine compartment is then 
purged with nitrogen. From this magazine, the canned ele- 


Operational equipment in position on 2ft 9in. plug. There 

are twelve position indicators for the control units, three 

boron rod machines, an oscillator, and a neutron source 
machine (Fig. 3) 
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ment: are fed singly through a valve into a shielded trol- 


ley ch can be turned from the horizontal position in 
whic!: it received the element into the vertical position. The 
trolley is first traversed to a position where the lid is re- 


moved and then positioned beneath a valve on the top 
of the canning station. 

The charge/discharge machine is placed on top of this 
valve and after appropriate nitrogen purging of the 
machine and the space between the valve and the valve on 
the bottom of the charge machine, both valves are opened 
and the charge machine snout lowered to pick up the ele- 
ment, leaving behind the lead lined can. The valves are 
then closed, and the charge machine moved away to be 
placed on the adaptor valve on the reactor from which 
position the element is lowered into the reactor, again with 
appropriate purging. 

The rotating shields are then moved to the position cor- 
responding to the next element to be removed. The charge 
machine picks up this element, cooling it with its own gas 
cooling equipment, returns with it to the canning station 
and places it inside the lead lined stainless steel can 
vacated by the previous element. The lid is re-inserted and 
brazed in position. The trolley is then traversed to another 
position from which the canned element is removed into a 
shielded transit flask for transport out of the sphere and 
to storage under water in the cooling pond. Figure 4 shows 
the canning station. The lead lining in the stainless steel 
can be partially melted by the residual heat production of 
the element (up to 2 kW). Before storage in the pond, the 
can is immersed in a molten lead bath to ensure complete 
melting of the inner lead sheath. This process ensures alloy- 
ing of the lead with any NaK on the outside of the ele- 
ment and also provides a heat path for the transfer of 
the fission product heat to the cooling pond water. 


Elements loaded by hand 

Completion of the charge machine and canning station 
were two of the items which were outstanding at the offi- 
cial handover, and it was not possible immediately to 
carry out a full scale test on the complete operation as 
described. The charge machine became available first and 
extensive training of operators was carried out with the 
machine mounted over a dummy core. The machine was 
then used to load the natural uranium elements into the re- 
actor core, feeding them into the machine by hand. Mean- 
while the majority of the breeder elements had been 
loaded by hand. A sufficient number were left to be loaded 
later by the machine to confirm its satisfactory perform- 
ance. When the canning station eventually became avail- 
able, it was put through extensive trials by feeding ele- 
ments through the magazine and removing them from the 
trolley through the top of the station. 

A considerable number of difficulties with charge 
machine and canning station were met and overcome by 
modifications as necessary. It was found necessary for in- 
stance to increase the accuracy of indication of the charge 
machine snout position with respect to the core. 

Because of the dimensions it was not possible to station 
an observer inside the vessel to watch the behaviour of 
the machine when operating. It was considered imperative 
that such observation was obtained, and considerable use 
was made of a small TV camera which displayed a very 
satisfactory picture of the accuracy of location of the 
charge machine snout during loading. 
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Control rod maintenance 

There are five main items to each of the twelve control 
units (see Figure 5): the mechanism which includes the 
rotax screw and nut assembly and the carrier supporting 
arm; the carrier (or control rod) which forms part of 
the core and contains 10 elements; the drive assembly 
which transmits the drive to the rotax screw through a 
diaphragm by means of a magnetic clutch; the electro- 
magnet assemblies for drive and for hold-on; and the 
primary drive motor, gearbox and shaft. As these items 
may all require maintenance at some time, special equip- 
ment is provided for removing those parts which are nor- 
mally in contact with the liquid metal or nitrogen blanket. 

Basically, the equipment works on the same principles 
as described for removal of the charge plug and liner 
tube, namely that after suitable preparation of the access 
hole through which the unit works, the unit is held by a 
clamp during the removal of securing bolts and then with- 





The magazine compartment is in the foreground, and the 
charge machine and a fuel unit transit flask are in position 
over the trolley compartment (Fig. 4) 


drawn into a purged flask. Valves are then closed both to 
seal off the reactor and to seal the unit in its flask. This 
procedure applies in the case of the control rod carrier 
and the drive assembly. A separate flask operation is re- 
quired to change the joint ring below the drive assembly. 
A similar procedure is also used to remove the control 
unit mechanism, but this operation is complicated some- 
what in that the horizontal arm has to be lowered into the 
vertical position. This is accomplished by incorporation of 
a drive mechanism in the attachment gear, and at an 
appropriate point in the lift after lining up a drive shaft 
through the wall of the flask, operation of this mechanism 
lowers the arm. 

In order to acquire experience in the removal of this 
rather complicated mechanism, and to prove that each of 
the units could be handled with the removal equipment 
provided, every one of the twelve units was removed and 
replaced using the equipment as though liquid metal were 
present. Satisfactory lowering of the horizontal arm was 
observed by use of the TV camera. This series of trials 
indicated the necessity for modifications to access facili- 
ties, remedial work on one of the control mechanisms to 
ensure satisfactory operation of the arm lowering mechan- 
ism, modifications to grabs for attachment to top hat 
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assemblies and various alterations to improve alignment 
during operation. 

By this time full and ample justification had been demon- 
strated for the policy of complete functional dry testing of 
these items of equipment. despite the fact that all of it 
looked alright as individual pieces of equipment. 


Observation points important 

Similar equipment was provided and tested in the same 
fashion for removal of * followers” (see Figure 5) which 
transmit movement of control unit carriers up to instru- 
mentation normally mounted on the 2 ft 9 in. plug, ther- 
mocouples located in the liquid metal header beneath the 
core and blanket, vessel immersion heaters, and control 
rod limit switches in the rotating shields. 

A total of six months was spent on the dry testing. This 
is about two months longer than would have been neces- 
sary if no delays had been occasioned by the late delivery 
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Arrangement ot a control unit and mechanism (Fig. 5) 


of certain items and late design modifications. The main 
lesson learned was the importance of providing as many 
facilities as possible for observing how operations were 
proceeding during movement of equipment which was out 
of sight because of shielding requirements. For example, 
windows were fitted to flasks to permit observations of 
the functioning of the winches; other windows were posi- 
tioned to permit confirmation that the equipment was loca- 
ted accurately. A window was temporarily fitted to the 
side of the charge machine, and this was found to be so 
essential to satisfactory operation that a permanent instal- 
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lation is being designed to replace this facility when the 
activity of the system renders such direct methods im- 
practicable. Most of the flasks have been supplied \ vith 
motorized drives to the winches, but it was found hat 
trouble with misalignment and non-operation of g abs 
could be felt by hand gperation of the drives be ore 
damage was caused, and the few minutes saved by mo or- 
ized operation was not considered to be worth the risk of 
the consequence of mal-operation of the equipment. 

During the dry testing period, attention was also diiec- 
ted to determining points of leakage noted on the nitro- 
gen buffer tanks in the construction pressure test. Pressur- 
izing was accompanied by the introduction of nitrous ox:de 
as a leak indicator. Leaks were discovered on the access 
covers to the tanks and rectification of these was contin- 
ued until no leaks were detectable. It was considered tiat 
the circuits were sufficiently sound to take the next step, 
that of liquid metal filling. The presence of fission product 
activity at low levels in the early stages of operation will 
provide a sensitive tracer for further leak detection in the 
nitrogen circuits. 


STAGE 2—METAL CHARGING 

The liquid metal coolant used for the reactor primary 
and secondary circuits is a 70/30 NaK alloy which has a 
melting point of 40°C. The thermal syphon circuits are 
filled with the eutectic alloy, 22/78 NaK. The 70/30 alloy 
was made by mixing the available alloys of 50/50, 40/60, 
22/78, together with pure sodium in the requisite propor- 
tions to produce the 51 tons required for the primary 
circuits, and 67 tons for the secondary circuits. The mix- 
ing was carried out in the liquid metal charging station. 
There the 1l-cwt containers of alloy were heated in muff 
furnaces, and the metal transferred by means of nitrogen 
pressure to a collecting furnace and ultimately through 
filters to storage tanks. The sodium drums were heated in 
an elevated muff furnace, and the contents transferred by 
gravity to the collecting furnace. The various containers 
were emptied in such an order that approximately the 
correct proportions of sodium and potassium were main- 
tained in the storage tanks. Figure 6 shows some of the 
equipment in the charge station. 

All pipework and filters were trace heated and lagged 
so as to prevent sodium freezing. As can be seen, fully 
protective clothing was worn by operators who would be 
likely to come into contact with the liquid metal in the 
event of a spillage or leak. The entire operation of melting 
some 120 tons of liquid metal was accomplished with no 
more than one or two minor burns which were due to 
careless removal of protective clothing. Minor fires which 
occurred whenever alloy was exposed to the atmosphere 
were very readily extinguished by the application of dry 
powder. 

The transfer of the molten alloy to the underground 
heated storage or dump tanks was carried out by means ot 
pressurized nitrogen. There are eight of these tanks, six 
for the primary circuits and two for the secondaries. The 
six primary tanks are arranged in series and can contain 
the entire primary charge (see Figure 1). The two second- 
ary dump tanks are also arranged in series and can con- 
tain the alloy from three secondary circuits. Before any 
liquid metal mixing was begun, pipework, vessels, dump 
tanks etc, were all purged, first with commercial nitrogen 
and then with oxygen-free nitrogen to a level of 30 ppm 
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Liquid metal preparation. In the left foreground is an alloy 

container surrounded by the muff furnace, and the operator 

at the back of the picture is locating a sodium drum in a 
muff (Fig. 6) 


oxygen. Purging of the equipment began as soon as the 
plant was taken over, and the liquid metal melting began 
early in 1959. By the end of February the 51 tons for the 
primary circuit was available. Considerable difficulties were 
encountered due to the presence of large quantities of 
oxide in the alloy which had been stored for some time. 
This caused blockages in pipework bends and valves, and 
necessitated frequent changing of the filters. Clearing these 
blockages not only provided experience in the handling of 
liquid metal and decontamination of equipment which had 
been in contact with the metal, but also gave valuable 
indications as to where considerable improvements could 
be effected in design of plant for handling dirty liquid 
metal, for example, larger bore pipes, removable sections 
of lines where blocking is likely, right-angle bends with 
provision for rodding and the use of cocks instead of 
valves with tortuous paths. 


Final pressure test 

By early June, the dry testing phase had been completed. 
the liquid metal primary charge was available in the dump 
tanks, and final preparations were made for the charging 
procedure. The equipment access hole to the vault con- 
taining the heat exchangers had been sealed up after a 
final inspection and space heating was switched on to bring 
the vault temperature up to 120°C. The reactor vessel 
2 ft Yin. plug was finally installed and equipment built up 
so as to prepare the primary circuit for its final pressure 
check. Figure 3 shows the equipment assembled on the 
plug for this test. 

The circuit was purged with commercial nitrogen and 
then oxygen-free nitrogen, down to an oxygen content of 
30 ppm and some 50 tons of NaK transferred by means of 
nitrogen at pressure from the dump tanks to the primary 
circuit. Some of the secondary circuits had already been 
filled in a similar manner and they were used to help heat 
up the primary circuit by transferring heat injected by 
means of factory steam into the secondary NaK/ water 
heat exchangers. All space and trace heating was also in 
Operation. The temperature of the liquid metal being 
charged was slightly lower than the circuit temperatures in 
order to prevent the deposition of oxide as the circuit was 
filled, and it was possible to follow the course of the 
filling operation by the temperature changes recorded by 
the installed thermocouples at different levels throughout 
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the system as the liquid metal reached them. Eventually 
the liquid level was registered by the level gauges in the 
expansion tanks in the primary heat exchanger circuits 
(see Figure 1). A continuous check was also made on the 
amount of liquid metal removed from the dump tanks. 
The charging rate was about four tons per hour, and a 
filter in the filling line prevented any particulate oxide or 
debris entering the primary circuit. Considerable pains had 
been taken during construction and preparatory phases to 
keep these circuits very clean, as the presence of parti- 
culate matter could block the very fine coolant passages 
in the core. Moreover, because of the corrosive effects of 
sodium oxide in the alloy, every effort was made to mini- 
mize the amount of oxygen available for pick up by the 
liquid metal. 


Operation of EM pumps 

The liquid metal was circulated using the 24 primary 
electromagnetic pumps for 12 hours and then transferred 
back to the dump tanks, by-passing the filter. After cool- 
ing to 80°C and hence precipitation of a certain amount 
of oxide, the metal was then recharged again through 
filters into the primary circuits in the same manner as 
before. The solubility of oxide in liquid metal is very tem- 
perature dependent, a fact which is made use of in the 
facilities for oxide removal in the circuits, namely the cold 





Special equipment developed to clean and 
free control units. A torque spanner is 
used to move the screw mechanism (Fig. 7) 


traps. The initial loading was carried out at 120°C so as 
to clean up the circuits as much as possible and because 
it was not possible to guarantee that there were not 
pockets in the dump tanks of unmixed Na which would 
have solidified at 98°C. 

Once the liquid metal had been charged, all 24 primary 
pumps were operated continuously for five days during 
which time the behaviour of flowmeters, cooling sys- 
tems and temperature instrumentation was observed. Initial 
tests were also carried out on the behaviour of the flow in 
individual primary circuits upon failure of pumps or of 
diesels supplying groups of pumps. The main purpose of 
the liquid metal circulation was to begin the coolant 
clean-up. 

The importance of achieving and maintaining a very low 
oxygen content in the coolant has already been mentioned: 
corrosion of the fuel element materials will take place at 
operating temperatures corresponding to high powers if 
there are more than a few parts per million of oxygen 
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present in the liquid metal. Before these temperatures are 
reached, therefore, there are the two allied problems of 
achieving these low levels and of measuring them. 

Each primary circuit contains a by-pass loop through 
which a few per cent of the main flow circulates (see 
Figure 1). On some of the circuits, part of this by-pass 
flow is cooled in a cold trap and the precipitated sodium 
oxide deposited upon the surface of the ring packing 
material. The liquid metal is heated in a regenerative heat 
exchanger before being returned to the main circuit. The 
extent to which these traps can remove oxide is dependent 
mainly upon the temperature to which the liquid metal is 
reduced, and about 20/30 ppm is about the lower limit. 
In order, however, to remove oxide down to a few ppm 
some of the circuit, by-passes are fitted with hot traps. 
In these liquid metal is passed over an extensive zirconium 





The hand loading machine in use (Fig. 8) 


surface at an elevated temperature, and the affinity of the 
zirconium for the oxygen at these temperatures results in 
its removal from the liquid metal. 

The problem of determining when satisfactory low levels 
of oxygen have been achieved is a formidable one, and 
one of the circuits is to incorporate a meter which will 
measure the differential flow through two orifice plates, 
one of stainless steel and the other of niobium, the nio- 
bium plate being corroded to an extent dependent upon 
the oxide content of the liquid metal. A device for remov- 
ing a sample of liquid metal, distilling off the sodium 
potassium, and allowing chemical determination of the 
residual oxide is also being fabricated. At the time of 
liquid metal filling, however, neither of these facilities 
were available. 

A meter based upon the fact that the resistivity of liquid 
metal changes with oxide content had been rapidly deve- 
loped. Two of these meters were installed immediately 
prior to liquid metal charging. During the five days of 
circulation of coolant, flows were established in the cold 
trap circuits, and from previous experience with loop 
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operations, the resistivity meters indicated that there was 
particular matter circulating in the coolant. Toward: the 
end of June, the coolant circulation was reduced tc the 
normal shut down value and the reactor prepared fo: the 
next phase, that of wet testing and completion of loa ting 
of the first charge. 


STAGE 3—WET TESTING 

Although the dry testing had been very extensivc. it 
was considered essential to determine whether or not the 
presence of liquid metal unduly complicated the opera ion 
and maintenance of such items as the charge machine ind 
control rods. Loading of the core and blanket had been 
left uncompleted in the dry state in order that some Icad- 
ing could be carried out at this stage. 

As every one of the control units had been removed 
during the dry testing trials, it was initially considered 
sufficient at this stage to remove and replace one only of 
the units. This operation was successfully carried out in 
a similar manner to that described in the dry testing stage, 
with the addition that appropriate purging was carried out 
in order to prevent access of air to the liquid metal sur- 
face. Upon replacement, however, a fault in the arm lower- 
ing mechanism was encountered and it was impossible 
immediately to replace the unit. It was therefore with- 
drawn again, and in order to free the flask for examina- 
tion of the mechanism, the control unit was deposited in 
a container built specially for the purpose and of such 
construction that trial operation of the arm movement 
mechanism was possible before re-insertion in the reactor 

Loading of elements in fixed core positions was success- 
fully carried out with the charge machine, but when 
attempts were made to operate the control units so that 
loading of the carriers could be completed, over half of 
the units could not be raised successfully. However, this in 
no way affected their shut-down function, which because 
of its different mode of operation, was in no way im- 
paired. It was suspected, and subsequently confirmed, that 
an oxide scum on the liquid metal was interfering with 
free movement of the screw mechanism and bearings of 
the units, and it was decided further to clean up the 
liquid metal before any more attempts were made to move 
the control units. 


Cleaning the coolant of oxide 

Full-scale circulation of the coolant was resumed for 
eighteen days during which period a considerable quantity 
of oxide was apparently removed in the cold traps. Never 
theless, satisfactory operation of the control units was still 
not achieved. Special equipment was made to view the 
free liquid metal surface in a control unit position, and it 
was Observed that there was an appreciable layer of 
oxide on the surface through which a thrust bearing and 
screw had to pass during the operation of the control 
unit. The viewing device was then developed so that by 
glove box techniques, a shaft could be engaged in the 
mechanism and the torque necessary to move it measured 
Devices were also developed and used to skim the surface 
of the liquid metal and clean the jointing surfaces just 
above liquid metal level. The operations carried out were 
relatively simple in themselves, but complicated and pro- 
longed by the need to maintain an oxygen-free atmosphere 
in contact with the liquid metal at all times. 

These devices were used to clean the surface of the 
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View through the 
2ft Yin. plug hole 
shows the fixed 
(star shaped) core 
top-plate and the 
12 control unit car- 
riers, all surrounded 
by the breeder top 
plate (Fig. 9) 


liquid metal in each control unit tube and to free the 
screw and bearings. Figure 7 shows the device in position 
and a torque spanner being used to rotate the screw 
mechanism. In three cases, it was found necessary com- 
pletely to remove the control unit mechanism and decon- 
taminate from liquid metal before freedom of movement 
of the mechanism was obtained. 

Although these troubles with the control units—being 
unexpected—introduced a delay into the commissioning 
programme, experience was gained which will be of great 
value when the added complication of activity in the liquid 
metal and mechanisms is encountered during maintenance 
and decontamination problems. 

This phase of commissioning continued with the machine 
loading of the rest of the breeder elements, installation 
of a loop containing a plugging meter to measure oxide 
content, and further periods of full-scale coolant circula- 
tion in order to complete the clean-up of the coolant. 
Final setting up and testing of the instrumentation and 
automatic shut-down protection was carried out, and also 
testing of the system whereby the control units, i.e. safety 
rods, shut-down rods, boron rods, and control rods, must 
be operated in a particular sequence (see Sandiford’s 
article, p. 100a). 


STAGE 4—FINAL APPROACH 

During the trials of the charge machine and canning 
Station it was confirmed that the complicated procedure 
was rather time consuming. This was to be expected when 
it is remembered that the equipment was designed to 
handle highly irradiated material and all operations are 
remotely controlled. For the purposes of critical assembly 
where shielding was not essential, the main requirement 
was to prevent access of air to the liquid metal. A hand- 
loading machine was therefore designed and manufactured 
for this phase of operations. Figure 8 shows this machine 
in use. : 

The approach to criticality began with the core loaded 
with natural uranium elements. These were then replaced, 
one at a time, by elements of uranium of 45-5% enrich- 
ment. The expected final pattern of enriched and natural 
elements had been previously calculated, and this loading 
pattern was followed. The first elements to be interchanged 
were those in the control units, followed by those in the 
points of the fixed core star section (see Figure 9). The 
final phase of element interchange commenced from the 
centre and continued outwards. 

The effects of this progressive enrichment of the core 
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was observed on the appropriate section of the installed 


reactor instrumentation, viz: the low power instrumenta- 
tion. There are three separate low power channels, each 
comprising a fission chamber and head amplifier, main 
amplifier, discriminator, scaler and reactivity meter (see 
Sandiford’s article). 

Each of the low power channels is connected into the 
reactor safety circuits so that a power in excess of that 
preselected (here, 100 watts) or a doubling time less than 
20 seconds would cause a reactor shut-down, i.e. all the 
control units would be released to drop out of the core. 
There is 10 gramme radium/beryllium source installed 
which at low powers can be positioned near to the core, 
and provides a source of neutrons to enable the instru- 
mentation to stay on scale even under shut-down condi- 
tions, i.e. when the effective reproduction factor is less 
than unity. 

On October 28, critical assembly was started and after 
each interchange of elements the pulse count rate was 
accurately determined on the three low power channels. 
The results were plotted in the form of the now familiar 
approach curve, i.e. reciprocal count rate against a func- 
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The approach to criticality as seen by one of the fission 

chamber channels. There are 126 elements in the control 

unit and points of the core star section, hence n represents 

the number of elements loaded on the final stage for core 
build-up (Fig. 10) 


tion of the number of enriched elements, n (see Figure 10). 
Towards the final stages of the assembly, the effectiveness 
of the various control unit groups was determined by 
lowering them from the core and determining the new 
count rate. 

After 227 elements had been interchanged, the curves 
indicated that criticality would be achieved with a loading 
of 234 enriched fuel elements. The estimate upon which 
the loading pattern had been based was 235. A final 
interchange of 10 enriched elements was made. The three 
elements in excess of the 234 required for criticality would 
produce an excess reactivity of 0°5% which was adequate 
for the initial stages of operation. The reactor was then 
prepared for normal operation. The shut-down units were 
raised into the core and the control rods inserted in 
increments, taking count rates after each increment. In this 
way, the control rod position for criticality was predicted. 

A final movement of the control rods was made which 
achieved criticality and put the reactor on to a 40 second 
doubling time at 10.52 a.m. on November 14, 1959. The 
power was levelled off at 30 watts. 

Among those present to witness the occasion were Sir 
William Cook, Mr. P. T. Fletcher, Dr. Hurst, myself, Dr. 
W. Loewenstein of the USAEC, and Messrs. Shudko and 
Homeister of PRDC (Detroit). 





DOUNREAY FAST REACTOR 


Instrumentation 





and control 


by K. R. SANDIFORD, B.Sc.(Eng:) 

Chief Instrument Engineer, U.K.A.E.A., Risley 

The use of liquid metal coolant, high 
temperatures, and the presence of the 
containment sphere poses special problems 





LTHOUGH THE INSTRUMENTATION of the Fast 

Reactor follows a similar general plan to that of the 
graphite-moderated natural uranium reactors at Calder 
Hall and Chapelcross, the special aspects of its mechanical 
design have presented a number of novel problems. These 
have required a considerable amount of experiment and 
design, both in the provision of instruments and in their 
installation. Features of the reactor which have presented 
special problems are the use of liquid metal coolant, the 
relatively high temperature (200°C) in which a number of 
THE KEY MEASUREMENTS 
NEUTRON FLUX 

low power—logarithmic pulsecounting channels 

intermediate power—RCI ionization chambers 

high power—RCI and RC2 chambers 
COOLANT FLOW 

magnetic flowmeters 


COOLANT TEMPERATURE 
thermocouples in pipe wall 
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the instruments have to operate, and the necessity of con- 
necting the instrument cables through the containment 
sphere. 

_As in the Calder Hall reactors, the main measurement 
for the control of the reactor is of neutron flux. In addi- 
tion, provision is made for the measurement of rate of 
flow in each section of the coolant circuit and of a large 
number of temperatures associated with the coolant sys- 
tem. Similar measurements are made on the Calder Hall 
reactors but in the case of the Fast Reactor it is likely 
that considerably more use will be made of these measure- 
ments on the coolant circuit in the direct control of the 
reactor. The main measurement points are shown in 
Figure 1. 

All instrument readings required for the control of the 
reactor are displayed in a control room adjacent to the 
reactor but outside the containment sphere. Most of the 
instruments are mounted on the control room panel 
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arranged around three sides of the room, while the in 
struments and controls required directly by the reactor 
operator are mounted on a control desk from which the 
main instrument panel is also visible. 

In addition to the indicating and recording instruments 
carried by the main instrument panel, the panel includes 
a glazed fronted section housing the relays associated with 
the safety circuit. It also carries a large number of con 
ventional annunciator facias for the presentation of infor 
mation from the general alarm and the safety circuits. 


NEUTRON FLUX MEASUREMENTS 

No special problems arise in connexion with neutron 
flux measurements on the Fast Reactor except that the 
temperature at the location of the sensitive elements is 
considerably higher than has been the case on previous 
reactors. 

Although fission is produced by neutrons of high energy 
levels, the detectors used for the measurement of neutron 
flux are conventional devices sensitive to thermal neutrons. 
Fast neutrons from the core are thermalized in an equa- 
torial belt of pure graphite contained within the borated 
graphite neutron shield. The neutron detectors are in- 
serted into this thermal column through vertical holes 
which pass through the neutron shield (Figure 2). 

The reactor has been designed to operate with a core 
power of 60 MW. To allow a reasonable margin on this 
figure, the instrumentation can cater for a maximum power 
of 100 MW. At 100 MW core power the neutron flux in 
the centre of the thermal column is estimated to be 2 * 10"! 
n/cm* sec. The shut-down power level with a neutron 
source inserted in the reactor will be about 50 MW. The 
range of power measurement is therefore milliwatts to 
100 MW core power ; the corresponding neutron flux range 
is from approximately 10? to 2 * 10'! n/cm? sec. 

At shut-down the principal source of gamma radiation 
presented to the neutron detectors is that due to Na-24 in 
the reactor vessel. Experiments using mock sources suggest 
that this value is slightly greater than 100 réntgens per 
hour. Gamma radiation contributions from other sources, 
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Fig. 1 
Key to the main measurements made on | 
the reactor shows : 1 
! Cold trap temperature 1 
Cold trap heater temperature 1 
Cold trap by-pass flowmeter 

EM pump winding temperature 1 
Main primary circuit flowmeter | 
LM level in expansion tank | 
Primary heat-exchanger outlet temperature 1 
Nucleonic instrument 

Nucleonic instrument tube temperature 2 


CONAWAWNh 


Utwn-—-o 


Control rod motor temperature 

Control rod position indicator 

Control rod limit switch 

Boron rod position indicator 

Boron rod limit switch 

Introscope (in position only at shut-down 
with concrete shield removed ) 

Ne gas blanket pressure 

Primary circuit leak detector 

Vessel leak detector 

Hot trap temperature control and heater 
overload thermocouples 

Primary heat-exchanger inlet temperature 


a, 
Cm 











21. Temperatures in biological shield 

22. Vault ambient temperature 

23. Temperature under centre channel and core 
24. Temperature under breeder 

25. Temperature under vessel and at catchpot 
26. Temperature in graphite 

27. Vessel support temperature 

28. Primary LM activity monitor 

29. Hot trap cubicle 

30. Sphere cubicle 

31. Sphere rack 

32. Ne valve panel 

33. Pile oscillator cabinet 


including fission products, are negligible. To allow for 
experimental and other sources of error which may arise 
due to certain assumptions made when analysing the re- 
sults of these experiments, a figure of 200 roéntgens per 
hour has been taken as a reasonable value for the gamma 
radiation at each detector position. The use of 3 in. of lead 
shielding on any of the detectors will reduce this to 
approximately 10 réntgens per hour. 

In order to provide measurement of neutron flux over 
the full power range of the reactor three groups of meas- 
uring equipment are required. These are respectively : 

1. Low power—source level to 100 W 
2. Intermediate power—2 W to 2 MW 
3. High power—100 W to 100 MW 

The low power equipment consists of three sets of 
logarithmic pulse counting channels operating from spe- 
cially designed fission chambers with U-235 coatings. These 
chambers have a sensitivity of about one pulse per n/cm* 
sec. As they are relatively insensitive to gamma radiation 
no lead shielding is required. 

For intermediate power measurement two sets of d.c. 
equipment are provided, each comprising an ionization 
chamber type RCI, and an associated period meter. 

Four types of equipment are required for use at high 
operating power levels: 

1. Multi-range linear power: 0 to 1 MW, 0 to 10 MW, 
0 to 100 MW 
2. Power drift: 
( 25 MW 
3. Logarithmic power: 100 W to 100 MW 
4. High power level trip: 1 MW to 100 MW 


-2°5 MW, 0, 2:5 MW and 25 MW, 
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All high power channels except the logarithmic channel 
operate from ionization chambers type RCI, the logarith- 
mic channel having the shorter type RC2. 

To avoid irradiation damage and errors in measurement 
the low power and intermediate power detectors are re- 
tracted to a position of low neutron flux when their useful 
range has been exceeded, that is, when the high power 
instrumentation is on range. Retraction and insertion is 
effected from the control room by means of push buttons. 
An indication is available to the reactor operator of the 
positions occupied by these items. In the event of mal- 
operation of the retraction controls, either during increas- 
ing or decreasing reactor power, an alarm is initiated in 
the control room. 

At all times at least two instruments present a reading 
of pile power and its doubling time to the reactor opera- 
tor. As a safety precaution a battery-operated indication 
of reactor power is also provided and this remains opera- 
tive even in the event of a total failure of instrument 
power supply. 

A ‘clean’ source of power supply is provided by motor 
alternator sets whose voltage and frequency are controlled 
within close limits. The power cables supplying each group 
of instruments are duplicated and run independently to 
avoid loss of measurements and reduce the risk of spuri- 
ous trips. Alternative power supplies can be obtained 
quickly from either diesel alternators or the grid system. 


Accuracy of power measurement 


The total power developed in the reactor core is that 
due to fission rate plus fission product heating. If the 
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reactor has been operated for a substantial period at con- 
stant power level the fission product heating contribution 
will be approximately 6% of the total power. The nucle- 
onic instrumentation provided does not measure this con- 
tribution: it measures fission rate only. At high power 
levels, where accurate power measurement is important, 
the detectors will be adjusted, as necessary, so that the 
indicated power level coincides with the true power level 
of the system. This adjustment will be made on the basis 
of a heat balance. At high powers it can then be assumed 
that the accuracy of power measurement will be better 
than + | 

The accuracy of doubling time measurements will not 
be substantially affected by fission product activity but, 
because this measurement is presented as an inverse func- 
tion of doubling time, the reading accuracy will vary over 
the range. For short doubling times, however, of‘ the order 
of 20 seconds, it should be possible to achieve an accuracy 
of a few per cent. 


Temperatures in nucleonic instrument tubes 

The ion chambers need to be cooled to keep their tem- 
peratures down to a level at which they will operate satis- 
factorily. Cool air is circulated round the instrument tubes 
to keep the chambers at about 50°C; the graphite in 
which the detectors are installed operates at temperatures 
in excess of 200°C. The temperature at each detector is 
measured and presented on a 12-point potentiometric re- 
corder, range 0-200°C, installed on a panel within the 
sphere. This recorder has high temperature alarm contacts 
connected into the general alarm system which operate if 
the temperature in any one of the instrument tubes exceeds 
70°C. As a precaution, two separate cooling fans are 
provided and there are duplicate thermocouples at each 
of the three high power shut-down detectors. The thermo- 
couples operate through magnetic amplifier relays to a 
duplicate alarm annunciator in the general alarm system. 

The low power fission chambers, although cooled during 
normal operation, are designed to operate at elevated 
temperatures. 


COOLANT CIRCUITS 

The principal measurements made on the liquid metal 
coolant circuits are the temperature of the coolant at the 
inlet and outlet of each heat exchanger, and the rate of 
liquid metal flow in each section of both the primary and 
the secondary coolant circuits. 

In addition temperature measurements are made at the 
outlets of selected fuel element channels through the core 
and also at selected points below the breeder. These tem- 
perature measurements associated with the core are diffi- 
cult to arrange as it is necessary to introduce the sensitive 
element as near as possible to the outlet of the appropriate 
channel to ensure that the measurement is representative 
of the channel temperature and is not influenced by 
mixing of the coolant with that from other channels. 


Liquid metal flow 

Flow measurements in the coolant circuits use the prin- 
ciple of a simple d.c. generator. A permanent magnet. of 
horse-shoe shape, is mounted directly on the pipework 
and accurately positioned so that the axis of the pipe is 
at right angles to the magnetic field and is midway between 
the two poles. As the liquid metal flowing in the pipe 
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cuts the lines of force at right angles an e.m.f. is genera ed 
which is picked off on two electrodes welded to the p ve, 
the line joining the electrodes being at right angles to both 
the axis of this pipe and the magnetic flux axis. The stain- 
less steel pipe attenuates the flowmeter signal but ‘his 
effect is not significant. The coolant can therefore be con- 
sidered as a solid conductor moved in one direction acri)ss 
the magnetic field. The e.m.f. generated is proportional 
to the rate of cutting of lines of force, that is to the 
velocity of the liquid metal in the pipe, and also to ‘he 
diameter of the pipe. It is therefore necessary for the flow 
meter to incorporate a measuring section in which the 
bore is machined to close limits. 

The mounting of the permanent magnet on the pipe and 
arrangement of the contacts is shown in Figure 3, which 
illustrates the main 4-in. flowmeter. Other flowmeters such 
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Neutron flux measurements in the Fast Reactor are made 
after the neutrons have been thermalized. Conventional 
thermal devices are inserted vertically into a belt of pure 
graphite contained within the borated graphite shield (Fig. 2) 


as those in the by-pass circuits, follow a similar arrange 
ment. The magnet housing is a brass casting machined 
prior to installation so that the magnet is accurately 
located in the required position on the coolant pipe. 

Since the flowmeters in the primary liquid metal circuits 
are located inside the biological shield, the electrodes are 
extended by rods welded to the electrode studs. These studs 
and extension rods are made of stainless steel, the same 
material as the pipes, to prevent thermo-electric effects 
The rods pass through and are embedded in a concrete 
plug which acts as a radiation shield against the active 
liquid metal. The plug is made in two sections, one of 
which can be removed to allow the insertion of the flow- 
meter magnet into its housing by means of a cable winch. 
Brass guide boxes are used to steer the magnet into the 
required position. The electrodes pass through the fixed 
section of the plug and terminate in a junction box on the 
vault roof. Since concrete is @ poor insulator each rod is 
covered by insulating sleeving for the full depth of the 
biological shield. 

The magnets used in the primary liquid metal circuit 
flow measurements are Calumax magnets with a field 
strength of about 1000 gauss in a 4in. gap. All magnets 
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Liquid metal flowmeters operate on the principle of the 

d.c. generator. A horseshoe magnet is placed across the pipe 

and the e.m.f. generated is picked up by two electrodes 
welded to the pipe as shown (Fig. 3) 


machined 
bross plote 


used are stabilized and can be removed and replaced with- 
out the need for a keeper. The voltage output obtained 
across the electrodes at full coolant flow is 30 mV. Three 
different types of indicator are used and the voltage from 
each flowmeter is fed to the following points: 

1. Direct to a potentiometric indicator, calibrated in Ib/h 
on a linear scale and located on the control-room graphic 
panel 

2. To a group of four summating magnetic amplifiers and 
thence to summated flow indicators and recorders in the 
control room 

3. To a second group of summating magnetic amplifiers 
arranged to feed either into the alarm circuits in the con- 
trol room or into a multiplying circuit; here the reading is 
combined with a derived value of temperature difference 
to give an indication of thermal power in the reactor core 
and breeder. 


Liquid metal temperature measurement 

To check the operation of the primary heat exchangers 
it is necessary to have an accurate determination of tem- 
perature at the inlet and outlet of each heat-exchanger 
system. Stainless steel-sheathed thermocouples of nickel- 
chrome/nickel-aluminium are used as detecting elements. 
inserted through guide tubes from the top of the biological 
shield into a special thermometer pocket machined in the 
pipe wall (Figure 4). A small section of the pipe incor- 
porates the thermometer pocket and, as it is not leak 
jacketed, it is machined from solid stainless steel bar as 
a precaution against failure. Twin pockets, each fitted to a 
thermocouple guide tube, are provided at each point of 
measurement. To reduce the temperature gradient through 
the portion of pipe carrying these pockets, and hence the 
error in the temperature measurement, the section is fitted 
with thermal lagging which also extends over a small 
portion of the thermocouple guide tubes. A small quan- 
tity of powdered material of good thermal conductivity is 
introduced into the pocket to improve the thermal response 
time of the measurement. 

An indication of the inlet and outlet temperatures asso- 
ciated with each of the heat-exchanger systems is presented 
on electronic-type potentiometric indicators fitted on the 
graphic panel in the reactor control room. 


CONTROL SYSTEM 
Reactor power is controlled by twelve mobile fuel- 
element rods inserted into the edge of the core from below, 
and three boron rods dropped into the inner ring of 
breeder elements at shut-down. All the operating mechan- 
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isms are controlled electrically from the reactor control 
room. The mechanisms for the fuel-element rods are 
identical but differ from those employed for the boron 
rods. 

The fuel-element rods, although identical, are divided 
into three main groups, according to function: 

1. Two safety rods, used to prevent the reactor from di- 
verging during planned shut-down when fuelling is pro- 
ceeding 

2. Four shut-off rods, raised to the top position in the core 
and held there during normal operation; at shut-down 
they are dropped out of the core 

3. Six control rods, moved together into or out of the core. 
about a position corresponding to criticality, to produce 
and maintain the desired operating power level; at shut- 
down they are lowered or dropped out of the core. 

The boron rods provide a separate and independent 
means of reducing the reactivity in the core. In normal 
operation they are held up out of the core and are dropped 
into the core at shut-down. 


Operation through electrical interlock 

For reactor safety it is essential that the groups of con- 
trol elements are operated in sequence during start-up or 
shut-down, and for this reason their operation is con- 
trolled by an electrical interlock system whose final con- 
tacts control the energizing supplies to the drive motors 
for the mechanisms. The rods are motored into the core 
at a speed of 0-003 in./sec and can be motored out at 
speeds of 0-003 or 0:15 in./sec. The fast speed is obtained 
by a solenoid-operated clutch in the rod driving mechan- 
ism which is engaged when this speed is selected. Fast speed 
cannot be engaged when the rods are being motored into 
the core and the solenoid clutch is mechanically biased 
to the lower speed to guard against failure of the solenoid. 

The speed of insertion was chosen to keep the rate of 
reactivity insertion into the core to a maximum safe limit. 
on the assumption that all twelve elements might move 
in together. Normally the maximum rate of reactivity in- 
sertion will be obtained by moving in the six control rods 
as a group giving half the maximum permissible rate. 
Fine control is achieved by adjusting one rod. All six con- 
trol rods are then trimmed to avoid non-uniform burnup 
in the core and asymmetric liquid-metal flow distribution 
in the core. In an emergency all fifteen control elements 


Temperatures at the inlet and outlet of the heat exchangers 

are measured by a sheathed thermocouple inserted into a 

special pocket in the pipe wall. The whole pipe section is 

machined from a solid stainless steel bar to ensure that no 
leakage occurs (Fig. 4) 
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are dropped automatically by the trip circuits but an 
emergency shut-down button for manual operation, should 
it be necessary at any time, is also provided on the control 
desk. The number of controls has been reduced to a 
minimum to avoid unnecessary complications. 

Individual fuel-element rods may be controlled inde 
pendently and this facility is also used for testing, and for 
element discharge or replacement when the reactor is shut 
down. The boron rods can only be operated as a group. 
The positions of the control, shut-off and boron rods are 
monitored continuously by position indicators in the re 
actor control room. The position indicators are electrically 
connected to position transmitters at the tops of the rods. 
Extremities of travel are indicated, for each fuel-element 
rod, by lamp indicators in the control room, and indicator 
lamps also light when the boron rods are fully out. The 
limit switches for this are magnetically operated to control 
the operating sequence through the interlock system 


Control and shut-off rod position indicators 

Attached to each of the six control and four shut-off 
rods is an electromagnetic device which follows the move- 
ment of the rod. An iron armature is moved inside its 
sealed housing in accordance with the movement of the 
corresponding control or shut-off rod. The position of the 
armature is detected by the control rod position trans- 


recorde 


TRANSFER FUNCTION ANALYSER 


Permanently installed equipment is provided for the 
study of the dynamic response of the reactor under any 
condition of operation. A system of frequency analy is js 
adopted by means of which the reactor power is v: ried 
slightly from a steady state, employing an input pe:tur 
bation which is sinusoidal with respect to time. The power 
level of the reactor is modulated by an absorber of lov 
reactivity investment which is driven at fixed speeds w thir 
a frequency range of 0-002 to 3c/s. The power resp nse 
measured by neutron detectors can then be used to repre 
sent the reactor transfer function. Information prov ded 
by the analyser is in a form suitable for constructing 
Nyquist diagrams or phase/frequency and amplitude fre 
quency response characteristics. The equipment is de 
signed to operate over a range of reactor power from 
1kW to 100 MW. Figure 5 shows the principle of opera 
tion of the instrument. Reactivity perturbation is achieved 
by rotating a control element containing a * Dee’ shaped 
absorber at the edge of the reactor core. Provision is 
also made for adjusting the rod axially to obtain the 
desired amplitude of modulation. Both rod speed and axia 
are controlled from the reactor control room. 

The neutron flux variations are detected by an ioniza 
tion chamber located in the thermal column, and its posi 


tion may be adjusted remotely. Due to the low operating 


n phose component 





The reactor’s dynamic response under any conditions of operation can be 
studied by a permanently installed transfer function analyser (Fig. 5) 


mitter placed over the housing. The transmitter circuit 
consists basically of a servo-operated inductance bridge 
whose two search coils are balanced by a fixed resistance 
potentiometer. The position of the coil assembly, which 
can move vertically over a distance of approximatey 30 in., 
is controlled by a screw and nut: the nut is fixed to the 
coil assembly and the screw is driven by a servo-motor 
controlled by a phase-sensitive amplifier. As the rod 
moves, the position of the armature alters, producing an 
out-of-balance signal from the bridge. This is fed via the 
amplifier to the servo-motor which restores electrical bal- 
ance by moving the coil assembly so that the armature is 
mid-way between the two coils. The coil assembly will 
find any given position of the armature to within approxi- 
mately 0-005in. A magslip driven from the servo-motor 
shaft transmits any movement to the indicator in the con- 
trol room, providing a continuous indication of control 
rod position. 

If, due to sudden movement of the control rod or 
following a failure in the instrument power supply system, 
the position transmitter coils are not in step with the 
armature, a signal is automatically introduced at the input 
to the phase-sensitive servo amplifier and the coils are 
driven in an upward direction. The direction of scan is 
reversed at the top end of the transmitter travel if the 
iron armature has not come within the field of the coils, 
and scanning continues until the armature is reached. The 
time taken for the coil assembly to complete a single 
stroke is approximately three minutes. 
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frequencies required, it is practicable to use a 50c 5 
fundamental carrier frequency and the carrier modulators 
and demodulators take the form of simple synchronou; 
converters which work at 50c/s. Most of the signal in 
formation is contained in the fundamental 50 c/s carrier 
sidebands but harmonics resulting from square wave 
modulation also contribute without causing error. 
Chopper stabilized d.c. amplifiers are used for the ion 
chamber current, recorder output, and for the in-phase 
and quadrature channel amplifiers. A reference generator. 
coupled to the rod drive mechanism, can be switched in 
place of the ion chamber and provides an in-phase and 
quadrature output for checking the correct operation of 
the resolving circuits. In operation the ion chamber and 
oscillator rod positions are set according to the reactor 
power level. The range of the ion chamber d.c. amplifier 
is then chosen to give about 0-5 volts d.c. output and this 
is backed-off using the reference supply unit. The resultant 
output is recorded at the reactor control desk on a linear 
recorder and is used by the reactor operator to maintain 
the correct power balance. The a.c. amplifier gain is 
selected to suit the level of modulation after which read- 
ings may be taken from the in-phase and quadrature chan- 
nel indicators. During an oscillator experiment reversal 
of the rod will be necessary, and to avoid a transient ex- 
cursion of reactor power the control circuits ensure that 
such reversals occur at the maximum perturbation posi- 
tion of the rod. On completing an experiment the rod is 
arranged to stop at a position of minimum perturbation. 
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High pressure water loop in Dido 


by I. EVERSON B.Sc., A.M.I.Mech.E. 
Senior Engineer, A.E.R.E., Harwell 


The first of its kind in the UK, this recently commissioned 
facility at Harwell will be used for PWR research, particularly 


on marine reactors. Tests under operational conditions of 


pressure, temperature and radiation will cover heat transfer, 


burnup, corrosion of structural materials and coolant chemistry 


P TO THE PRESENT TIME most nuclear-powered 
U ships have had pressurized-water reactors to raise 
steam for subsequent use in turbines driving the propellers. 
While the bulk of data required for designing such reac- 
tors is now readily available, some can best be established 
by experiment. This includes fuel element heat transfer, 
the relationship between burnup and fuel element life, 
corrosion of fuel-element canning materials and other 
structural materials under operational conditions, radia- 
tion damage to structural materials, and the chemistry of 
high-pressure, high-temperature water under radiation. 

These experiments can conveniently be done using reac- 
tor test loops. A loop consists essentially of a closed cir- 
cuit containing the proposed reactor working fluid at tem- 
perature and pressure. Means are provided for circulating 
this fluid at the correct velocities in critical sections to 
simulate reactor conditions. Fuel elements may or may 
not be incorporated, as required. One part of the loop, the 
in-pile section, is mounted in an experimental hole of a 
research reactor to subject selected items of equipment 
to a radiation intensity comparable with that expected in 
the proposed reactor. Fuel elements, if required, would 
be installed in the in-pile section. 

A high-pressure water loop of this type has been con- 
structed and installed recently in the Dido reactor build- 
ing; the in-pile section is mounted in a vertical high-flux 
experimental hole. Operation under active conditions has 
started, and to date the loop has performed very satisfac- 
torily. 


REACTOR INSTALLATION 

The location of the loop relative to the reactor is illus- 
trated in Figure 1. A simplified flowsheet is given in 
Figure 2. Two Westinghouse A-150-D1 canned-rotor-and- 
stator pumps circulate water at rates up to 25 gal/min at 
2000 Ib/in? abs and temperatures up to 300°C. The main 
circuit consists mainly of 1-9 in. o.d. by 1°338 in. i.d. mild- 
-steel piping, and the sampling/ purification circuit consist 
mainly of 18/8/1 and 18/12/1 stainless-steel piping. 

It will be seen that the main circuit comprises the in-pile 
test section, control test section, cooler, and heater. The 
in-pile test section houses the fuel elements being tested, 
together with steel specimens undergoing corrosion and 
radiation-damage tests, and is the only part of the loop 
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subjected to intense reactor radiation. This is the most 
critical part of the loop, and special attention was paid 
to its design and manufacture. Further corrosion speci- 
mens are mounted in the control test section where flow 
conditions are similar to those in the inpile test section ; 
this enables corrosion effects to be separated from radia- 
tion effects. A somewhat unusual cooler design was used, 
in which the high-pressure water transfers heat to water 
at atmospheric pressure, which then boils. The steam 
evolved is condensed in a water-cooled condenser. By 
using high boiling and condensing heat-transfer coeffi- 
cients the size of cooler is minimized. Electric heating is 
required to maintain the loop temperature in the absence 
of nuclear heat. The main loop heater for this purpose is 
made in twelve sections, each consisting of a number of 
heater rods cast into aluminium blocks, around sections of 
the main circuit. 

Since the loop is constructed largely of mild steel, it is 
important to maintain the water at a pH of about 10:5 
in order to minimize corrosion. This is effected by means 
of ion-exchange resins in two mild-steel pressure vessels 
in a by-pass circuit called the sampling/ purification cir- 
cuit. In addition, sampling points are required for check- 
ing water conditions. These are connected to the same 
circuit, and to eliminate health hazards in taking samples, 
the sampling points are housed in a sealed structure, called 
the sampling drybox, consisting mainly of a mild-steel 
framework carrying Perspex panels. The chemist taking 
samples uses special long rubber gloves attached to the 
front Perspex panel to operate the valves. To eliminate 
ingestion health hazards when sampling, the dry box is 
kept permanently under a slight depression so that any 
leakage from the parts of the loop inside the drybox is 
prevented from escaping into the reactor building. 

Demineralized water is boiled under 28 in. Hg vacuum 
to remove dissolved gases and is then pumped through 
two stainless-steel vessels containing the necessary ion-ex- 
change resins to achieve the required conditions. The 
make-up pump is controlled automatically to maintain the 
quantity of water in the loop. 

Pressure is generated in a mild-steel vessel, called the 
surge tank, which is connected to the loop by a perman- 
ently open pipe. This vessel is provided with four elec- 
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Section x-x 


The in-pile section of the loop is installed in a vertical high-flux hole in Dido. The majority 
of the out-of-pile equipment is mounted in a rigid steel framework to form a packaged unit 
(Fig. 1) 


tric heaters similar to the main-loop heater sections. Water 
in the surge tank is kept boiling and a switch connected 
to this vessel switches the heaters on and off to maintain 
the required pressure. Provision is made to enable the 
loop water to be degassed or alternatively to re-adsorb 
gases collecting in the surge-tank. 

Numerous vent and drain points are provided to facili- 
tate starting up and emptying of the loop. These are 
connected to separate vent and drain manifolds, each 
provided with an isolating valve to minimize leakage. The 
loop can be drained into a shielded stainless-steel catch 
tank on the ground floor of the reactor building. 


Measurements and safety 


Temperatures, pressures, flow rates, water levels and 
water conductivity are continuously measured and the 
more important parameters recorded. Comprehensive safety 
circuitry is provided to detect faulty operating conditions 
and to give alarms or trips as required. The main-cir- 
cuit water activity is continuously monitored; any abnor- 
mal activity increase would indicate that a fuel-element 
sheath had ruptured. Serious loop malfunctioning would 
trip the loop heaters and pumps and ultimately the reac- 
tor itself. Provision is made for automatic loop blow-down 
under certain conditions into a tank containing sufficient 
. cold water to prevent flashing to steam. 

To facilitate installation and to make the best use of 
the limited space, as much as possible of the potentially 
active out-of-pile equipment was installed in a rigid steel 
framework, the entire unit being referred to as the package 
unit. 

Since in operation parts of the loop become active, a!l 
potentially radioactive components are housed in a con- 
crete shielded room with walls 2 feet thick or ar’, sur- 
rounded by lead or steel of required thickness. As in the 
case of the drybox, the shielded room is kept under a 
slight depression. The make-up unit and the control and 
instrument panel are outside the shielded room. All im- 
portant valves can be operated from outside the shielded 
room in complete safety. 
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The bulk of the make-up system is in the form of two 
sub-assemblies installed on a steel structure adjoining the 
shielded room, while the makeup pump is located on the 
ground floor of the reactor building some 30 feet below 
the degasser tank. This is done to ensure that the suc- 
tion head is always positive to prevent air from being 
sucked into the makeup pump, entering the main circuit 
via the makeup water, and thereby causing corrosion. 

To prevent serious overheating of the loop fuel elc- 
ments, cooling-water circulation is required even when 
the reactor is shut down. Means are provided for ensuring 
adequate flow even if the loop pumps fail. Emergency 
cooling water is stored in a stainless-steel tank under a 
nitrogen atmosphere at about 100 Ilb/in*. Under the requi- 
site fault conditions this water is forced directly into the 
in-pile test section to provide the fuel-element cooling. 

Heavily shielded vessels are required for loading and 
unloading fuel elements from the in-pile test section to 
protect personnel from radiation hazards. After unload- 
ing from the in-pile test section, the irradiated fuel ele- 
ments are stored temporarily in the reactor storage block 
in a special assembly. Water cooling required to prevent 
overheating is supplied from an aluminium tank mounted 
adjacent to the shielded room. This special assembly to- 
gether with the irradiated fuel elements can subsequently 


The main loop circuit comprises the in-pile test section, 
control test section, cooler and heater (Fig. 2) 
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be trans.erred to the Active Handling Building where spe- 
cial equipment is installed to permit radiography of the 
fuel elements and to examine them by remote-handling 
equipment. 

Babcock & Wilcox Ltd. was appointed the main con- 
tractor and undertook the detailed design and manufac- 
ture of the bulk of the loop. The shielded room was de- 
signed by the Ministry of Works and manufactured by 
Chivers Ltd., and the various steel work associated with 
the loop was designed and manufactured by Whessoe Ltd. 
Lloyd’s Register of Shipping was appointed as the inspec- 
tion authority on behalf of the UKAEA, and all high- 
pressure components were made under Lloyds’ survey. 


DESIGN AND CONSTRUCTION 
Leak rate reduction 

It is very important to reduce leakage from this loop to 
a minimum, for both scientific and health reasons: an 
excessive leak rate would vitiate the chemical results, and 
water contained in the loop, when operating under active 
conditions, is radioactive. Experience on other loops sug- 
gested that it would be possible to reduce the leak rate 
to a few hundred grams per day, albeit at the cost of 
extraordinary care during construction, assembly and 
operation. It was decided in the present case to aim for 
a leak rate of 1-2 kg/day since even at this higher value 
chemical results could be sufficiently intelligibly inter- 
preted. Every effort will of course be made to reduce the 
leak rate still further. 

In order to achieve these low rates special methods of 
leak detection are necessary. The use of crude methods 
such as mirrors to condense steam escaping from leaks 
could result in the reduction of the total rate only to about 
10kg/day before the limits of detection were reached. A 
more sensitive method for leak detection uses a hygro- 
meter in which a known air flow is induced through a 
probe which is used to check all possible leak points. Leak- 
age of steam results in the local atmosphere having an in- 
creased humidity which is detected by this equipment. A 
device of this type can be made sufficiently sensitive to 
detect leakage from a weld which would be regarded as 
perfect according to visual and radiographic examination 
and pressure testing. A survey of this sort followed by the 
appropriate rectifications could result in the reduction of 
the leak rate from a loop of this type and dimensions to 
100-200 g/day. 


Welding precautions 

Previous experience suggested that low leak rates would 
be most readily achieved by using welded joints wherever 
possible. Mechanical joints are therefore only used for 
components which need to be demountable for ease of 
replacement or servicing e.g. pumps and differential-pres- 
sure cells. 

While it is customary in all reputable welding firms to 
subject welders to rigorous testing to demonstrate their 
competence before starting a particular job, it was felt 
that even greater care should be taken in this case. Al! 
welders were required to satisfy the inspection authority 
of their competence before being allowed to start weld- 
ing on this loop. All test welds simulated, as closely as 
possible, the anticipated environmental difficulties of the 
actual welds in the loop. Test pieces, after welding, were 
radiographed and a proportion were cut into longitudinal 
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Contained in the in-pile section and subjected to intense 

radiation are the test fuel elements and steel specimens 

undergoing corrosion and radiation-damage tests under 

simulated PWR conditions of flow, temperature and pres- 

sure. Total length of the section is 11 ft, diameter of the 
pressure head Yin. (Fig. 3) 
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strips which were subsequently given direct and reverse- 
bend, tensile, and impact, tests in order to establish the 
relationship between the radiographs and the standard of 
welding. Only when all tests were satisfactorily completed 
was the welder in question allowed to work on the loop 
itself. Welders were retested before working on site even 
if they had been previously cleared for shop welding. The 
contractors were required to agree the design of all high- 
pressure components with the inspection authority and 
where necessary to develop or modify welding techniques. 

All pressure welds were radiographed which showed 
that the extraordinary precautions taken were fully justi- 
fied in that on the radiographic evidence less than 1% of 
the welds had to be remade. 


In-pile test section 

This component, the most critical feature of the loop, is 
illustrated in Figure 3. It is desirable from heat transfer. 
corrosion, and fuel-element testing considerations to en- 
sure that the loop fuel elements operate at least at the 
same heat flux as that proposed for the reactor. This im- 
plies that the loop fuel elements should be subjected to 
the same thermal-neutron flux as those in the full-size 
reactor, since it is not feasible to make the loop fuel ele- 
ments more highly enriched than the reactor fuel elements. 

The thermal-neutron flux in the immediate vicinity of 
the loop fuel elements is of necessity less than that imme- 
diately outside the experimental hole, largely because of 
absorption of neutrons by the constructional materials 
of the in-pile section, and to a secondary extent because 
of streaming losses. 

The pressure-vessel bore was made as small as _ pos- 
sible and the wall as thin as possible consistent with safety 
to reduce this neutron-flux depression. However, even with 
these precautions the loop fuel elements are exposed to 
a thermal-neutron flux somewhat less than that expected 
in the full-size reactor. Consequently the expected heat 
flux will be correspondingly less than that in the full-size 
reactor, so that to achieve the same degree of burnup 
the loop fuel elements must be operated for a correspond- 
ingly longer period. 

Because of the requirement for using the minimum 
wall thickness it became necessary to stress the vessel as 
highly as possible. Proper allowances were made for ther- 
mal stresses arising from temperature differences due to 
the presence of the high-temperature loop water and 
nuclear heat generation in the vessel walls caused by the 
reactor radiation. It was finally decided that the maximum 
hoop stress should not exceed 50% of the yield value. 
Stresses of this magnitude are in excess of those recom- 
mended by current standard codes of practice (BS 1500 
and API-ASME), but in this decision due regard was 
paid to the facts that inspection was much more rigorous 
than that recommended by these codes of practice and 
that the expected life of the vessel is no more than 2-3 
years. 

An uncertainty arose because of the phenomenon of 
embrittlement induced in low-alloy steels by reactor radia- 
tion. This embrittlement is known to be a function of the 
initial metallurgical state of the steel and is a complex 
matter. Means are therefore provided for irradiating steel 
specimens made from the same material as the pressure- 
vessel wall. These will be removed and tested from time 
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to time after being subjected to progressively incre: :ing 
radiation doses. 

When the loop pressure vessel was being designe | it 
had been decided to construct the reactor pressure v ssel 
of a Cr-Mo steel not precisely specified at that tim. It 
was therefore decided that the loop vessel should als be 
made of a Cr-Mo steel. Available experience and theo eti 
cal knowledge suggested that the best commercial Cr Vo 
steel to use contains 24% Cr and 1% Mo. This stec is 
known to have considerable resistance to radiation dim- 
age and its metallurgy is well understood since it has | ong 
been used for steam piping. It was accordingly used for 
the pressure-vessel body, while the vessel head, whici: is 
not subjected to intense radiation, was made from boi-er- 
quality mild steel, which has better machining properties 
than the Cr-Mo steel. This is important since the vessel 
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Most of the 300 high-pressure valves installed are for low 


temperature operation, have } in. bore and have non-rotat- 


ing spindles with hardened tips. Rubber ‘O’ rings are used 
for gland sealing (Fig. 4) 


head required much careful machining. The difficulties of 
manufacturing these vessels were increased by the tight 
dimensional tolerances necessary. 

All material for these vessels was rigorously inspected. 
Tubes on arrival from suppliers were carefully inspected 
visually, radiographically, and ultrasonically to ensure 
freedom from flaws. Very high welding standards were 
called for and test welds were made as described above. 

The fuel elements and radiation-damage steel specimens 
to be tested are loaded into a special inner assembly prior 
to insertion into the pressure vessel. Considerable atten- 
tion was paid to the design of the vessel closure to ensure 
freedom from leaks. The primary seal is effected by a 
thin annular raised ridge on the underside of the inner- 
assembly top flange which is forced into a gold gasket 
mounted in a recess in the pressure-vessel head. 

To remove the fuel elements and radiation-damage 
specimens the inner assembly will be lifted into a heavily 
shielded flask above the in-pile test section. Sufficient water 
is trapped in the inner assembly to ensure cooling of the 
irradiated fuel elements for some hours after unloading 
from the reactor. 


High-pressure valves 


Because of the need for minimizing the leakage rate 
from the loop, particular attention was devoted to select- 
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ing th. vest available high-pressure valves. More than 300 
are ir.alled and each represents a potential source of 
leaka: The large majority are designed for low-tem- 
peratt use, are of }in. bore, and have non-rotating 
spindles with hardened tips. Parts in contact with high- 
pressure loop water are largely made of austenitic stain- 


less steel. the valve tips being made of a hardened marten- 
sitic stainless steel. Gland sealing is effected by means of 
rubber “O” rings at the tops of the spindles (Figure 4). 
High-temperature valves of }in. bore have the ‘O”’ ring 
assemblies sufficiently remote from the high-temperature 
water to ensure that they are not overheated, a finned 
bonnet helping to dissipate the heat. Thrust bearings 
mounted in the valve bonnets reduce operating loads. 

A small number of 0°96in bore, high-pressure, high- 
temperature valves have been installed. These are generally 
similar to the } in. valve except that they approximate to 
gate valves. 

Certain critical valves can be operated from outside the 
shielded room by means of extended spindles containing 
universal joints. These pass through special gland assem- 
blies in the floor of the shielded room, which are designed 
to prevent leakage along the spindles and also to preserve 
the required shielding. 


Surge-tank level measurement 

This is a particularly important parameter since it gives 
direct information on leakage rate, controls the makeup 
pump, and operates several high and low-level alarms 
and trips. The low-level trip is a protection against the 
surge-tank heaters becoming burnt out. 

Two independent differential-pressure cells are employed 
for this purpose, connexions running from the top and 
bottom of the surge tank to either side of the diaphragm. 
Variations in level impose a varying differential pressure 
thus causing movement of the diaphragms. This operates 
an air valve and the downstream air pressure is thus a 
measure of surge-tank level. Pressure switches on this air 
line are set to open or close at the desired levels to con- 
trol the make-up pump and the alarms and trips. One 
cell operates an indicating recorder and the other is con- 
nected to a large dial gauge. As pointed out in the article 
by Fontaine in the August 1958 issue, the calibration of 
such differential-pressure cells is temperature dependent, so 
two scales are fitted to the indicating instruments, one for 
expected operating conditions and the other for low- 
temperature conditions which apply during part of the 
Start up. 

If for any reason the surge tank became empty the 
heaters would no longer be submerged and would thus 
rapidly overheat, possibly sufficiently to melt the aluminium 
blocks, thus irreparably damaging the heaters. To safe- 
guard against this contingency each heater block has a 
thermocouple inserted in it so that a dangerously low 
surge-tank level would be rapidly detected by a tempera- 
ture rise, since the heat transfer coefficient to steam would 
be much less than to water. This temperature rise switches 
off the heater, operates the appropriate trips, and results 
in the loop being blown down into the quench tank. 


Maintenance of clean conditions 

For best use to be made of the chemical analysis of 
samples taken from the loop it was considered essential 
to remove all foreign matter from the internal loop sur- 
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faces. This was effected by thorough cleaning of compo- 
nents during manufacture and finally the complete loop. 
Mild-steel components were carefully degreased with 
trichlorethylene, pickled with inhibited 10% H,SO,, 
thoroughly rinsed with water, dried, and sealed to prevent 
ingress of moisture. Inhibitor was added to the acid so 
that it attacked oxide deposits in preference to the metal 
surface itself. In this way effective pickling was achieved 
with minimum removal of metal. 

Machined stainless-steel components were degreased, 
passivated by immersion in 25% HNO.,, and finally washed 
with water, dried, and sealed. Stainless-steel tubes were 
found to have been contaminated by the tube drawing 
equipment and required pickling in a solution of 14% HCl 
and 16% HNO, in addition. Stainless-steel vessels were 
also pickled with inhibited 25% H.SO,,. 

During assembly of the loop, further contamination was 
caused, mainly due to oxide formation in welding. Con- 
sequently the complete loop was filled with inhibited 10% 
H.SO,, which was then circulated. Provision was made 
for safe disposal of hydrogen released during the reduction 
of the oxide deposits. The criterion for the extent of the 
pickling was taken to be the iron content of the acid. 
On completion of pickling, the loop was drained under a 
blanket of oxygen-free nitrogen and then refilled with 
deoxygenated water, which was circulated to remove poc- 
kets of trapped H.SO, and finally drained. This process 
was repeated several times to remove all traces of acid. 

Special care is taken to prevent ingress of oxygen into 
the loop to minimize corrosion. Water used for filling the 
loop is carefully deoxygenated and whenever the loop is 
emptied it is always pressurized with oxygen-free nitrogen. 


COMMISSIONING TESTS 
Commissioning tests began in November 1957 and a 
number of interesting points emerged. These are outlined 
below. 


Leakage rate 

Initially the leakage rate was much higher than _ per- 
missible. The greatest sources of leakage were traced to 
the main circumferential bolted joints in the pumps and 
high-pressure valves. So far as could be seen the welding 
was entirely free from leakage. The leakage at the pumps 
was stopped by seal welding the offending joints. That 
from the valves was due to a combination of circum- 
stances; it was reduced to acceptable proportions by en- 
suring that the valve assembly was carried out with the 
utmost care under close supervision and by taking 
care not to permit the rubber ‘O”’ ring seals to be over- 
heated. This latter measure was effected by repositioning 
the valves having symptoms of being overheated, and by 
replacing several low-temperature valves by high-tempera- 
ture ones. 

Difficulties were experienced with two valves used for 
emergency loop blowdown. These valves are normally 
cold but during emergency blowdown are subjected to 
considerable thermal stresses owing to a sudden increase 
in the temperature of the water flowing through them. 
This caused the removable valve seats to become loose 
after each blowdown, permitting severe leakage through 
the seat threads. The difficulty was overcome by modifying 
these valves by seal welding the seats in position. Misgiv- 
ings were felt regarding erosion of these stellited valve 
seats by high-velocity water/steam mixtures during blow- 
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down. However in practice, after at least six blowdowns, 
no signs of valve-seat erosion have been observed. 


Loop emergency blowdown system 

This is an important safety measure and was tested 
several times by manual adjustment of the various para- 
meters initiating its operation. Owing to the lack of time 
the quench-tank fittings had to be designed without any 
testing. It was therefore necessary to establish that ade- 
quate quenching of hot loop water would take place with- 
out water flashing to steam, so that excessive pressure 
would not be put on the drainage system and catch tank. 

On one occasion a spurious loop blowdown occurred, 
initiated by a fault in the temperature gauge connected 
to the thermocouple in one of the surge-tank heaters. This 
fault gave a high-temperature indication, thus automati- 
cally initiating the blowdown, which was entirely satis- 
factory. 
Instrumentation 


Considerable trouble was experienced with pressure 
switches used for surge-tank heaters and make-up control, 
and in the safety circuitry. Contacts failed to operate as 
required and settings appeared to be different on starting 
up after lengthy shut-down periods. All such pressure 
switches were subsequently completely overhauled by 
UKAEA staff and minor modifications made which have 
greatly improved the reliability. 

The flow-measuring equipment in parts of the loop con- 
sists of orifice plates connected to air-operated differential- 
pressure cells, the output pressure from which operates 
indicating recorders. Calibration was carried out by the 
manufacturers, and in at least one of these units consider- 
able errors were found in calibration. 

Initially a bubbler-type gauge was installed to measure 
the depth of liquid in the shielded catch tank and proved 
to be quite unsatisfactory. Inconsistent readings were indi- 
cated and the calibration was completely changed after the 
application of air pressure to empty the catch tank. All 
efforts to overcome these defects were unavailing, and it 
was finally decided to replace the gauge by a capacitance- 
change-probe type of instrument, which performed satis- 
factorily. 

Pressure-vessel difficulties 

The pressure vessels were designed by the UKAEA and 
proved somewhat difficult to manufacture to the very 
high standards required. With the need for high-tempera- 
ture post-welding heat treatment, one of the major diffi- 
culties was achieving the required out-of-straightness toler- 

_ance of ;/; in. on an overall vessel length of some 11 feet. 
The tubes required for the highly stressed parts of the ves- 
sels were visually, radiographically, and ultrasonically in- 
spected, and pressure tested to 4000 1lb/in? before manu- 
facture was started. Gas welding was used initially on the 
first vessel, but afterwards internal weld beads had to be 
removed from three welds. This operation proved more 
difficult than was expected and resulted in the occurrence 
of some tool marks in the bore of the vessel. 

The contractor, in accordance with standard practice, 
used the double-wall radiographic technique, and on this 
basis all welds were regarded as acceptable by the inspec- 
tion authority. However, on arrival at Harwell it was de- 
cided to re-radiograph the welds using a single-wall tech- 
nique. This gave much more informative radiographs than 
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the double-wall plates. One critical weld clearly le >ked 
complete root fusion over a short length. Furthermor the 
effects of diametral weld shrinkage combined with \ eld. 
bead removal operations produced walls locally th ner 
than desirable. In view of these facts and the neec for 
the highest standards of workmanship in pressure vé ‘sels 
of this type, it was thought prudent to reweld par; of 
this vessel. 

It should be emphasized that although this precautio ary 
measure was taken in view of the damage that might :.ave 
resulted to the reactor if it had failed in service, it is very 
probable that the vessel would have performed sati: ‘ac- 
torily. However, it was felt that no avoidable risks should 
be taken. 

The contractors decided to use electric-arc welding when 
rebuilding this vessel since less heating of the vesse! is 
caused than with gas, and the post-welding heat treatment 
is confined to a single low-temperature stress-relieving 
operation. 

These points were important because of the need for 
straightness. The repaired vessel was given proof tests in 
accordance with BS 1500 in addition to pressure and hyro- 
gen leak tests. 

After the initial commissioning tests, inspection of the 
cooler showed that some corrosion of the high-pressure 
pipe coil had occurred. The water in the cooler tank was 
taken from the reactor cooling system and had been sub- 
jected to hydrogen-starvation and base-exchange treat- 
ments. It was considered that early action was necessary 
to prolong the working life of the cooler. The remedial 
action proposed consisted of treating the cooler as a low- 
pressure boiler. Cooler-tank water is now supplied from a 
separate storage tank where it is deoxygenated with N. 
and is then treated with Na.PO, to give a pH of 11. 


Start-up procedure 

Care and attention must be exercised when starting up 
a loop of this type. From experience obtained on this and 
other loops a set start-up procedure has been developed, 
the principal features of which are described briefly below. 
a. Cooling-water flow is provided to the pumps, cooler 
condenser, purification/sampling heat 
vacuum-pump condenser. 
b. To avoid possible damage it is essential that the loop 
water is degassed before the main loop pumps are started. 
This is done by pressurizing the loop by means of the 
makeup pump and opening each vent valve in turn. 
c. At this stage the loop is completely filled with degassed 
water. Pressure is generated by switching on the surge- 
tank heaters, thus heating the water in the surge tank until 
a steam-filled space can be maintained above the water 
level. Water must be carefully bled from the loop during 
this process. 
d. The operative main loop pump is started and the main- 
loop flow is adjusted to the required value. The main- 
loop heater sections are then switched on in turn to give 
the required temperature. To avoid undue thermal shock 
the loop temperature is increased to the normal operating 
value over a period of 1-2 hours. 
e. In order to maintain the correct water conditions a 
small proportion of the flow is passed through the purifi 
cation/sampling ion exchangers, care being taken not to 
exceed a temperature of 60°C at the ion-exchanger inlet 
to avoid damaging the resins. 


exchanger and 
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ATOMIC POWER PROPOSALS IN AMERICA 





1. Three stage plan by Westinghouse 


AS PART of its normal nuclear acti- 
vities. Westinghouse Electric Corpora- 
tion is continuously evaluating all 
types of reactor, and three power 
plant projects have been put to US 
public utility companies as logical fur- 
ther steps in their plans to utilize 
nuclear energy. In two of these pro- 
jects, the company are prepared to 
guarantee plant output, overall plant 
costs and fuel life. (See Worldview 
last month). 


Combination Plant 

Using both nuclear and fossil fuels, 
the combination plant is claimed to 
meet the present need of utility com- 
panies for an economical way of in- 
vesting in the nuclear power future. 
Designed to supply a standard mod- 
ern turbine of 225 MW, the boiling 
water reactor produces saturated 
steam which, after separation from the 
water, is passed direct to a fossil-fired 
superheater to provide steam condi- 
tions suitable for the turbine. 

The reactor is fuelled with approxi- 
mately 264 tons of 24°%-enriched uran- 


ium dioxide pellets. The superheater 
can be fired with oil, gas or coal, the 
choice depending on individual user 
location and economics. 

Construction of this type of com- 
bination plant could, say Westing- 
house, be started immediately and the 
station could be in operation four 
years from the date of contract. 

Feasibility studies on this concept 
have shown that all major technical 
problems are soluble. It has been 
found, for example, that a 2000 Ib/in.° 
open-cycle reactor would actually be 
easier to control than one operating 
at 1000 Ib/in?. 

The immediate construction of such 
a large plant is recommended on 
economic grounds. Based on a 90%, 
load factor, fossil fuel costing 30 
cents per million Btu, 0:5 mills per 
kWh for indirect costs, 12$% annual 
charges, and a plutonium credit of 
$12 per gram, the combination plant 
will produce electric power for 7:3 
mills per kWh. This cost breaks down 
as 3:4 mills for capital investment ; 
2:7 mills for fuel; 0-5 mills for in- 


direct costs and 0-7 mills for opera- 
tion and maintenance. 


Integral Boiling and Superheating 

In this reactor high power density is 
achieved by both boiling and super- 
heating within the core. No separate 
unit for superheating is required. 

In operation, circulating water en- 
ters the centre region boiling tubes and 
is rapidly heated as it passes through 
the fuel region. This heated mixture 
of water and steam moves on up to 
one of four steam drums located 
above the reactor. The separated water 
is returned to the bottom of the boil- 
ing tubes in the centre region of the 
reactor; while the separated steam 
flows into the upper end of the super- 
heating tubes located in the perimeter 
area of the core. 

Within the carbon steel containment 
vessel, and completely blanketing the 
graphite moderator in all its vital 
areas, is helium at a pressure of 100 
lb/in?. This helium will control the 
heat transfer from the moderator to 





COMBINATION PLANT 


Net power rating 215 MWe 
Reactor contribution 60°, 
Superheater contribution 40° 
Steam conditions 2100 Ib/in.* abs. 
dry and 
saturated 
Rod bundles 
UO, pellets 
Zr-2 or stainless 
Steel 
Stainless steel clad 
carbon steel 
2500 Ib/in.* abs. 
9 ft 3 in. 
8 in. plus } in. 
cladding 
Overall length 34 ft (approx.) 
Steam separators 2 off 
Design pressure 2500 Ib/in.* abs. 


Fuel assembly form 
Material 
Cladding 


Reactor vessel, material 
Design pressure 


Inside diameter 
Shell thickness 


Inside diameter 6 ft 6 in. 
Overall length 21 ft 
Recirculating pumps 4 off 


Design pressure 2500 Ib/in.* abs. 

Flow per pump 12,500 gal/min 
Superheater and reheat unit Pressurized 

furnace type 

Overall dimensions 146 ft x 76 ft 
65 ft 
Triple flow tan- 
dem compound 
Operating pressure 1800 Ib/in.? g 
Operating temperature 1000 ° F /1000°F 


Turbine generator 


INTEGRAL PLANT 


Vet power rating 20 MWe 
Steam throttle conditions 865 |b/in.* at 
900° F 
Fuel assembly form Rod bundles 
Material UO, pellets 
Total pressure tubes in core 80 (approx.) 
Design conditions in 
superheat region 1100 Ib/in at 
1000° F 
Design conditions in 
boiling region 1200 Ib/in.* at 
650° F 
24 (approx. 
56 (approx. 


Superheat tubes 
Boiling tubes 
Reactor tank design con- 


ditions 100 Ib/in.* at 
650° F 
Material Carbon steel 
Outside diameter 12 ft 6 in. 
Wall thickness $ in. 
Overall length 23 ft 


14 ft (approx.) 
11 ft (approx.) 


Graphite core, height 
Diameter 
Steam drums design con- 


ditions 1200 Ib/in.* at 
600° F 
Outside diameter 4 ft 
Length 11 ft 
Circulating pumps 2 off 


Flow per pump 2570 gal/min 
Helium circulator capacity 14,300 Ib/h 
Inlet temperature 740° F 


CLOSED CYCLE PLANT 


Net power rating 330 MWe 
Steam throttle conditions 650 Ib/in.*, dry 
and saturated 
Primary heat transfer loops 5 off 


Total flow 75 x 10° lb/h 
Normal operating pres- 
sure 2150 Ib/in.? abs. 


Stainless steel clad 
carbon steel 
2500 Ib/in.* abs. 


Reactor vessel material 


Design conditions 


at 650° F 
Overall length 41 ft 
Inside diameter 11 ft 10 in. 
Shell thickness 10 in. plus } in. 
cladding 
Weight of vessel 300 US tons 
Steam generators 5 off 
Material Tubes stainless 
steel 
Shell carbon steel 
Overall length 45 ft 


Outside diameter of shell 9 ft 6 in. 
Weight 150 US tons 
Main coolant pumps (5 off) Vertical, single 
stage radial flow 
40,500 gal/min 
2500 Ib/in.? 
75 xX 10° Ib/h 
Tandem com- 
pound quadruple 
flow 


Design capacity 
Core design pressure 

Coolant flow 
Turbine generator 
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the pressure tubes and at the same 
time maintain the graphite tempera- 
ture within safe operational limits. 
This control is necessary since about 
10 of the reactor’s heat output 
originates in the graphite itself. 

The integral boiling and superheat 
ing reactor, although a long step into 
the future, is considered by Westing- 
house as ultimately proving to be a 
very economical and efficient unit in 
the 200 MW range. A comprehensive 
research and development programme 
coupled with the construction of a 
20 MW prototype plant must, how- 
ever, be undertaken. Among the prob 
lems to be solved is that of control. 
Within a few inches inside the reac- 
tor, temperature differences of nearly 
400° will be encountered ; the flow of 
water and steam through the two sec- 
tions must be balanced and capable 
of meeting the surge demands of the 
turbine ; and fuel performance in the 
higher temperatures of the superheat 
section will have to be evaluated. 


Closed Cycle Plant 

Following feasibility studies of a 
closed-cycle plant at every rating from 
5 MW to 400 MW, Westinghouse have 
found that power costs reduce sharply 


Within the lifetime 
of a combination 
plant it is estimated 
that costs will even 
out in some US 
areas on a mills per 
kilowatt generating 
basis 


4 COMBINATION PLANT 


until 330 MW is reached, after which 
there is a marked levelling in the 
curve. 

With a planned startup for early 
1965. closed-cycle plants of about 


An advantage of the 
integral boiling su- 
perheat reactor, 
based on the use of 
pressure tubes, is 
that it is compara- 
tively easy to make 
developmental 
modifications 


a 
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300 MW rating are estimated to prove 
economical in the medium to high fuel 
cost areas of the United States. To 
obtain more uniform heating and 
better fuel economy, Westinghouse 
have developed a method of loading 
the core in three levels of enrichment. 
Looking down on the top of the re- 
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DENERATOR 


The closed cycle re- 
actor is particularly 
efficient for ratings 
up to 330 MW. Be- 
yond this power, 
the need for paral- 
lel sets of turbines 
to absorb the reac- 
tor output unduly 
increases capital 
costs 





actor, three concentric zones forn the 
fuel pattern. In the inner circle. the 
fuel enrichment will be about 2°1°%. in 
the intermediate, 2°6%; and in the 
outer circle, 2-°9%. Fuel life for his 
form of reactor is three full-po ver 
cycles. After each cycle the centre *ir- 
cle of fuel is removed, then the sec nd 
and third layers are moved tow: rds 
the centre and a new outer layer of 
2-9% enrichment added. 

The uniform heat rate that will re- 
sult from this layout will allow he 
use of fewer control rods, less expen- 
sive fuel and kilowatts from a given 
fuel load. 

Employing the same load factors 
and economics as for the combination 
plant, the all-nuclear closed-cycle type 
would be capable of producing elec- 
tric power on a reasonably competi- 
tive mills/kWh _ basis. Estimated 
charges are 3-3 mills capital expendi- 
ture; 0:5 mills operational and main 


SUPERHEATED STEAM 
a a ae ee a 


SATURATED 
TEA 


i‘ 


INTEGRAL BOILING 
SUPERHEAT REACTOR 


tenance charges; and 3-0 mills fuel 
costs, giving a total cost per kWh of 
7:3 mills. 


Building costs 

The 225MW_ combination plant 
could be built essentially from today’s 
technical know-how with no major re 
search and development needed. This 
is reflected in the estimated R & D 
cost which is set at $M4}. The plant 
itself would cost around $M45. 

The 20 MW prototype integral boil 
ing and superheating reactor will re 
quire considerable research and de 
velopment, the cost of which is put at 
$M11-°3. Capital cost of the proto 
type itself is estimated at $M17. 

Because of its proven design, the 
330 MW closed-cycle plant will carry 
a relatively low research and develop 
ment cost, estimated to be $M4-4 
and the installation could be built for 
$M68, which in this high rating 
breaks down to a low capital invest 
ment per kilowatt-hour. 
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IN MARCH this year a task force of 
personnel from AEC’s Oak Ridge 
operations office began to study a pos- 
sible programme for building small 
size nuclear power plants in_ the 
United States. With assistance from a 
technical advisory group from Oak 
Ridge National Laboratory and _ in- 
formation submitted by a number of 
industrial firms and generating organ- 
izations, their report was published 
late in October. The report recom- 
mends construction of a 23°5MWe 
PWR using slightly enriched UO, with 
a fossil fuel superheater coupled to a 
standard * handbook’ turbogenerator 
with a gross capability of 22 MWe. 


Only three in the running 

Initial screening of the various reac- 
tor types indicated that only the boil- 
ing water reactor (BWR), organic mod- 
erated reactor (OMR), and the pressur- 
ized water reactor (PWR) should re- 
ceive detailed consideration. A survey 
of generating companies showed 22 
MW to be the preferred size. 

The total cost of conventional 
power, based on 60%, capacity factor. 
is 10°9 mills/kKWh and a comparable 
cost for the first generation plant is 
estimated to be 16°9 mills/kWh. Of 
this total, fuel and operation and 
maintenance charges are estimated at 
86 mills/kWh for a nuclear plant as 
compared to a value of 7:8 mills/kWh 
for the conventional plant. 

Because of the limited time avail- 
able, special project reports on each 
of the three reactor types were re- 
quested, using appropriate AEC con- 
tractors, the main ones being: 

1. BwR—General Nuclear Eng. Corp. 

2. oMR—Atomics International 

3. pwR—Alco Products Inc., including 
information from Westinghouse. 

On the basis of this information. 
three designs were selected for evalu- 
ation on a_ standard comparative 
basis; their characteristics are shown 
in Table I. The Bwr design is a direct 
cycle, natural circulation system in 
which the high pressure and low ther- 
mal time constant are projected to im- 
prove the stability markedly over 
other designs. However, the effect of 
this high pressure on the burnout heat 
flux may introduce a new limiting fac- 
tor to offset the expected gains in sta- 
bility. The oOMR uses Santowax R as the 
coolant. Fuel elements are concentric 
tubular sections of 3-5 w/o Mo-U-0-5 
w/o Si heat, canned in aluminium with 
extended fins. 
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2. Task force surveys small reactors 


In the pwr design it should be noted 
that the secondary pressure is some- 
what lower than that actually obtained 
or projected for pressurized water 
plants. An improvement in secondary 
pressure is calculated to benefit fur- 
ther the net cycle efficiency and also 
the generating costs, depending on the 
associated capital costs required to 
achieve it. 


Fossil superheating approved 

The task force has recommended 
fossil fuel superheating. The PWR 
project reports, for the 25 MWe (gross) 
plant with and without superheat, 
show total costs of 14-9 and 16:0 re- 
spectively, or a difference of 1:1 mills 
kWh. 

Using the reactor characteristics of 
Table I and assuming values for fuel. 
operating and maintenance costs, etc., 
a detailed comparative estimate of 
costs was made; this is summarized 
in the table: 


Cost component BWR OMR PWR 
Fixed charges 6-2 6-4 5-9 
Total fuel 5:2 6-0 6:5 
Operation and 

maintenance 2-0 2°5* 2-0 
Total 13-4 14-9 14-4 


* Includes 0-5 mills/kWh for organic 

makeup 

None of the three plants appeared to 
possess a clear-cut economic advantage 
over the others for a comparable state 
of technology at the present stage of 
their development. Although the BwR 
plant is estimated at the lowest total 
generating cost, the difference between 
its estimated total and that for the 
PWR is too small (about one mill) to 
be significant when the uncertainties 
of the estimates are taken into account. 
Furthermore, the advancement of tech- 
nology which must be sucessfully 
achieved is most extreme in the case 
of the Bwr plant. It is therefore appar- 
ent that the cost evaluations, although 
useful, do not in themselves provide 
a basis for discrimination between the 
various concepts. 

Within this framework, the follow- 
ing general comments on each concept 
appeared appropriate: 

1. The stated potential advantages of 
the direct cycle BWR, i.e., the attain- 
ment of lowest overall generating costs 
with high thermal efficiency, are also 
indicated by this estimate. The assur- 
ance of obtaining these advantages is 
somewhat obscured by the lack of suf- 
ficient experience with fuel element de- 





fects or failures, other than pin hole 
defects in the element. Direct cycle, 
fossil fuel superheat introduces both a 
potential corrosion problem with oxy- 
genated steam because of the high 
thermal stresses in the superheater, 
and an operating concern because of a 
desire to avoid steam leaks in a direct 
cycle system. 

2. During the period when nuclear 
superheat technology and associated 
costs are still speculative, the excel- 
jent steam conditions from the OMR 
associated with a low pressure primary 
loop and the possibility of minimum 
containment compared to other types 
makes it an extremely attractive con- 
cept. However, the lack of construc- 
tion experience of a true prototype 
places it behind the other two concepts. 
3. PWR technology has advanced to the 
point where construction cost reduc- 
tions, through relaxation of unduly 
stringent component specifications and 
elaborate designs, may now be indica- 
ted by design, construction and main- 
tenance experience. 

The PWR concept offers excellent 
load following characteristics and a re- 
liability and simplicity of total plant 
operation at present unmatched by 
any other competing reactor system. 
This advantage is obtained at the ex- 
pense of a primary-secondary circuit 
design and attendent thermodynamic 
loss which may result in less favour- 
able economics in the long term. 
Nevertheless, the construction of such 
a plant today, at the estimated capital 
and operating costs, would afford a 
major competitive target for second 
generation plants at a time when such 
a target is badly needed. 


TABLE | The three plants 


CHARACTERISTIC BWR OMR PWR 





Net MWe (plant) 23-5 23-5 23-5 
Gross MWt (reactor) 47-0 $7-2 57-1 


Gross MW (fossil 

fuel) 24-8 24-4 29-0 
Gross MWt (total) 71-8 81-6 86-1 
Net cycle efficiency 32-7 28-8 27-3 


Fuel material UO, U-Mo-Si UO, 
Fuel form pins tubes pins 
Cladding Zr-2 Al S.S. 
Average exposure, 

Mwd/t 11,000 4500 11,400 
Core charge, kg U 3796 = 8838 3335 
Initial w/o U-235 1-70 1-75 4-00 
Final w/o U-235 0-66 1-27 3-47 


Reactor operating 
pressure, lb/in® g 1450 135 2200 
Reactor operating 


temperature, °F 593 625 $02 
Steam pressure at 
turbine, lb/in*® abs 1250 825 400 


temperature, °F 1000 950 1000 
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A d.c. ionization chamber capable of 


operating at low flux levels is now 


commercially available and will be 


particularly useful in research reactors 


Gamma compensated ionization chambers | 
for reactor control 


by A. L. GRAY, B.sc. 


Chief Physicist, Plessey Nucleonics Ltd. 


ADEQUATE CONTROL of a 

nuclear reactor requires mea- 
surement of the neutron flux level 
in the biological shield over a very 
wide range, which may be as much as 
10 or 11 decades below the full power 
level (/). At the normal operating flux 
levels of most reactors simple d.c. 
ionization chambers may be used to 
give a unique measure of the thermal 
neutron flux. At low power levels and 
at shut-down, however, the usual solu- 
tion adopted is to use pulse counters, 
rejecting the pulses due to gamma in- 
teractions from the high residual 
gamma fluxes in a pulse height dis- 
criminator. The lower cost and greater 
reliability of d.c. channels, however. 
makes their use desirable at as low 
a flux level as possible, in fact, until 
problems of statistics, noise and the 
measurement of the low current levels 
involved in practical ionization cham- 
bers make the use of pulse systems 
essential. 

The extension of the range of d.c. 
channels to lower levels has been 
tackled, in this country, by the design 
of ionization chambers with the opti- 
mum neutron/gamma sensitivity and 
by the use of large thermal columns 
and lead shielding (/). The develop- 
ment of the well known RCI chamber 
along these lines is described by 
Abson and Wade (2). 

In other countries however, this 
‘approach does not seem to have been 
adopted to anything like the same ex- 
tent. Instead attention has been direc- 
ted to the development of gamma- 
compensated chambers in which the 
output of a second electrode system, 
sensitive only to gamma radiation, is 
connected in electrical opposition to 
that of the main neutron and gamma 
sensitive volume. These chambers have 
been used extensively abroad. The 
apparent neglect of the possibilities of 
detectors of this type in this country 
has been the cause of some criticism 
and, since recent developments have 
now made such chambers available, it 
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is worthwhile at this stage to examine 
the problems involved in their design 
and use. 


Detector siting 

The detector positions chosen, and 
the consequent neutron and gamma 
flux distributions encountered, fall 
into three main classes, each charac- 
teristic of certain types of reactor. 

The first of these is the radial hole 
in a biological shield, perpendicular to 
the core axis, which is characteristic 
of most large gas-cooled graphite- 
moderated reactors. In these holes 
anything but a nose-on position of the 
chamber with respect to the core is 
impracticable and the chamber is thus 
situated in neutron and gamma fluxes 
which decrease steeply along the axis. 

The second type of location is that 
commonly used in reactors with small 
highly enriched cores where the de- 
tectors are located in holes outside the 
pressure vessel parallel to the core 
axis and may be surrounded by shie!d- 
ing or moderating material. Here the 
predominant gradients lie across a 
diameter of the detector. 

The third type is found principally 
in pool-type reactors such as Lido 
where the detectors are located close 
to the core in the moderator-coolant. 
Here there is usually considerable 
freedom of access but the core is 
usually very compact and very steep 
neutron flux gradients exist, accom- 
panied by much smaller gamma gradi- 
ents. These may lie in any direction 
relative to the chamber axis and it is 
usually impracticable to obtain either 
substantially axial or transverse gradi- 
ents. 


The design problem 

The problems of design of gamma 
compensated ionization chambers are 
mainly concerned with minimizing the 
effect of the gamma distributions en- 
countered in practice. If a location 
could be chosen in which the gamma 
flux was uniform and stable, the prob- 
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lem would be reduced to that of mzan- 
ufacturing two identical detectors, one 
of which was made neutron sensitive. 
In a non-uniform field it is however 
necessary that the two sensitive 
volumes be spatially coincident for 
the compensation to be independent of 
flux gradient. It is common practice to 
approach this as far as possible and 
then provide some form of adjustment 
to balance the effective sensitive 
volumes. This adjustment also serves 
to take up manufacturing tolerances. 
Both parallel plate and concentric 
cylinder geometries are used for com 
pensated chambers, the former in cur- 
rent French and Russian designs and 
the latter in the United States and in 
Great Britain. The parallel plate sys- 
tem usually consists of a series of 
circular parallel plates supported on 
pillars, each collector plate lying be 
tween a positive and negative elec 
trode. The negative electrodes are un 
coated, the collectors coated with boron 
on the side of the positive electrode 
and the positive electrodes coated on 
both sides. Thus there are alternating 
neutron-gamma and gamma sensitive 
sections along the axis of the detector, 
each of a length equal to twice the 


compensating boron 
electrode -ve coating 







collector polarizing 


electrode +ve 
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Westinghouse electrically adjustable 
compensated chamber is a simple con- 
centric cylinder design with deeply 
serrated negative electrode (Fig. 1) 
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eleci. ode spacing. Cylindrical geometry 
inve'-es simpler construction problems 
and .s thus to be preferred where 
large numbers of detectors have to be 
mace. The electrode system in this 
case consists of three coaxial cylin- 
ders. the mneutron-gamma sensitive 
volurne being that between the outer 
pair of electrodes. 

The differences between the various 
designs using either of these geome- 
tries lie principally in the designers’ 
attempts to reduce the effects of the 
spatial separation of the two volumes, 
the need to support and connect to the 
electrodes, and to accommodate man- 
ufacturing tolerances by the provision 
of compensation adjustment either 
during manufacture or after instal- 
lation. The term * variable or adjust- 
able compensation ° is usually reserved 
for those chambers where the com- 
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These new instruments extend 
the operating range of d.c. 
ionization chamber channels 
in high gamma fluxes. Their 
limitations lie mainly in the 
sensitivity of the compensa- 
tion to flux gradients. Cham- 
bers with adjustable compen- 
sation are commonly used 
since they may be set up in 
situ. but their performance 
may be unreliable over long 
periods. They are not recom- 
mended for power reactors 
where long term operation is 
required without adjustment: 
to obtain the stability neces- 
sary, chambers with a lower 
compensation ratio are pre- 
ferable so that gradient shifts 
do not cause overcompensa- 
tion, 








pensation may be adjusted by the 
user, although all designs involve ad- 
justment at some stage. 


Practical designs 

The designs described here are not 
meant to represent an exhaustive list 
but rather to illustrate some interest- 
ing solutions to-the problems. 

The compensation ratio of a cham- 
ber is defined as the ratio of output 
current obtained in a gamma flux due 
to the neutron-gamma volume only, 
to that obtained with the neutron- 
gamma_ sensitive volume and _ the 
gamma sensitive volume connected in 
Opposition. The compensation may 
also. be expressed by the out of 
balance current, referred to as a per- 
centage of the current from the neu- 
tron-gamma sensitive volume. Alter- 
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The French CEA’s type CCP IN 100 

with its compact sensitive volume is 

well suited for location in a radial re- 
actor hole (Fig. 2) 


natively the term ‘compensation fac- 
tor” is sometimes used, the inverse of 
the compensation ratio. Thus a com- 
pensation ratio of 100 to 1, compen- 
sation to 1%, and a factor of 10~? are 
all equivalent. The first two terms are 
the most common and are both used 
here as convenient. 


Westinghouse electrically compensated 
chamber 


Thischamber, described by McCreary 
and Bayard (3), is extensively used 
in the USA. It is essentially a simple 
concentric cylinder design, shown in 
section in Figure 1. The negative elec- 
trode is deeply serrated so that the 
collection characteristic of the gamma 
volume is more dependent on_ the 
negative polarizing potential than 
would be the case with a smooth elec- 
trode. Collection is some 90% com- 
plete at about 20 volts but the remain- 
ing 10% of the ions formed in the 
serrations are not collected until some 
few hundred volts are applied. This 
permits the effective volume of the 
gamma sensitive part of the chamber 
to be adjusted by varying the negative 
polarizing potential. The sensitive 
volume of this chamber is relatively 
long, about 14 inches, and _ this 
method of adjustment ensures a uni- 
form variation of volume along its 
whole length so that the effects of 
changes in the gamma flux gradient 
are minimized. 

Most applications of this chamber 
are in the second type of location des- 
cribed where the principal gradients 
lie across the chamber, in which direc- 
tion it has its minimum dimensions. 
With the compensation adjusted to 
better than 1% when installed in the 
Oak Ridge graphite-moderated reac- 
tor, the effect of changing gamma 
gradients at the detector location was 
to change the compensation by 1°6% 
in six weeks. Frequent adjustment of 
the compensation is thus necessary to 
achieve the ratio of 100:1 claimed. 


Compensated chambers of the French CEA 
Two parallel plate compensated 

chambers were described by the Com- 

missariat 4 l’Energie Atomique at the 








Geneva exhibition of 1958 (4). The 
larger of these, the type CCP IN 100 
has a very compact sensitive volume, 
about 3 in. diameter and 3 in. long, 
making it well suited for use in the 
first type of location described where 
the flux gradients lie along the cham- 
ber axis. The arrangement of the elec- 
trodes is shown in Figure 2. Each neu- 
tron-gamma volume is immediately ad- 
jacent to a compensating gamma 
volume so that the effect of an axial 
gradient is limited to the change over 
a distance equal to the electrode spac- 
ing. Even so this may well exceed the 
few percent to which compensation is 
desired and in this chamber provision 
is made for adjustment by a small 
subsidiary electrode system outside 
the main volume. A vane attached to 
the collector lead is movable between 
positive and negative polarizing elec- 
trodes, thus adding a small adjustable 
current to either half of the chamber 
as required. Since this is displaced axi- 
ally from the main volume, it makes 
the adjustment of compensation highly 
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The Russian KNK 54 chamber has two 
separately sealed volumes, one within 
the other (Fig. 3) 


sensitive to changes of gradient, but 
effective compensation ratios of the 
order of 300: 1 are claimed. 

The smaller chamber type CCP 1N 
50 has a similar electrode structure 
supported from a central column but 
without provision for adjustable com- 
pensation. The sensitive volume in this 
case is some 2in. diameter by 2 in. 
long. The compensation ratio is stated 
to be 50:1. 


Russian designs 

A number of Russian designs were 
described at the 1958 Geneva confer- 
ence by A. B. Dimitriev in a brief but 
interesting paper (5). The performance 
of these chambers is only sketchily 
described but a useful estimate can be 
made from the constructional data 
given. The paper covered three types, 
two parallel plate and one coaxial 
cylinder designs. 

The parallel plate design type KNK 
53 (also called KNT 53 in the paper) 
uses a three electrode system consist- 
ing of 164 disks, the disks of each elec- 
trode system being supported on two 
pillars. An unusually small spacing of 
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1‘6 mm is used so that the sensitive 
volume is some 12 inches long. Neu- 
tron-gamma and gamma_e sensitive 
volumes alternate along the structure 
so that the mean effect of so many 
small collecting volumes is very close 
to true coincidence of the two sec- 
tions. No details are given of the 
method of adjustment during manu- 
facture beyond the statement that the 
quantitative relation between the two 
types of cell is adjusted. A compen- 
sation ratio of 1000:1 is claimed. A 
photograph of this chamber is given 
in the paper. 

An interesting variant of this design 
is the KNK 52 in which the electrode 
system is deliberately made asymme- 
trical, the disposition of the cells along 
the axis being 12 gamma cells fol- 
lowed by eight neutron-gamma cells. 
This chamber is stated to be used for 
particularly close compensation; the 
out of balance current between the 
two volumes is reduced to the limit 
of measurement by adjustment of the 
chamber position in a gamma field 
having a maximum. Both this and the 
KNK 53 designs are most suitable for 
the second type of location owing to 
their long narrow sensitive volume. 

The cylindrical electrode design, type 
KNK 54, shown in Figure 3, makes 
use of separately sealed volumes one 
within the other. The neutron-gamma 
volume is filled with BF, gas at high 
pressure and the gamma volume with 
a suitable heavy gas. Adjustment of 
compensation is effected initially by 
variation of the gamma section pres- 
sure and after installation a fine ad- 
justment of pressure is provided mech- 
anically by means of a small bellows. 
This chamber is also said to be used 
where closer compensation than that 
provided by the KNK 53 is required. 


Harwell type RC6 

The first compensated chamber to 
become commercially available in this 
country, this design is of the concen- 
tric cylinder type with the electrodes 
supported at one end only. A cross- 
section of a commercial version of 
this chamber is shown in Figure 4. The 
Sensitive volume is defined at the free 
end by the virtual guard ring formed 
between the two polarizing electrodes 
at the end of the collector. At the 
other end of the collector, spaces be- 
tween the electrode base plates contri- 
bute to the gamma sensitivity of the 
two sections. The physical separation 
of these two spaces and the absorption 
in the thick collector base plate be- 
tween them would make the chamber 
very sensitive to axial gamma gradi- 
ents, but the insertion of the compen- 
sating plate makes the space behind 
the collector base part of the gamma 
sensitive volume. Relative adjustment 
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of the two volumes during manufac- 
ture is accomplished by fitting alterna- 
tive sizes of compensating plate. Full 
details of the design and its perform- 
ance are given in an AERE Report (6). 

The geometry of the chamber makes 
it particularly suitable for use in radial 
holes with the nose of the chamber 
towards the core. A compensation ratio 
of about 30:1 is normally achieved 
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Harwell type RC 6 compensated cham- 

ber is available commercially as the 

Plessey Nucleonics type PNI 1025 
shown here (Fig. 4) 


which increases as the flux at the nose 
of the chamber increases above that 
at the tail. 


Future development 

The geometry which seems to offer 
the best hope of making a chamber 
insensitive to gamma flux gradient 
without excessive complication is the 
coaxial cylinder type with great atten- 
tion paid to the reduction of end 
effects. The difficulties of manufac- 
turing such a chamber with a high 
fixed compensation ratio, due to the 
tolerance attainable on_ cylindrical 
electrodes with simple manufacturing 
methods, render some form of final 
adjustment essential. Such an adjust- 


ment must have effect uniformly al ng 
the length of the sensitive volume 

In the Westinghouse design thi: is 
accomplished by degrading the satv -a- 
tion characteristic of the inner volt ne 
and then making the adjustment e °c- 
trically after installation. For reas: ns 
which are discussed later, the j; e- 
ferred approach in this country is to 
make the compensation fixed or ce 
manufacture is complete and as ince- 
pendent of operating conditions as 
possible. The problems involved in pi o- 
viding mechanical adjustment without 
affecting the sensitivity to gradients or 
the electrical characteristics are con- 
siderable. Two methods which have 
been studied at Plessey Nucleonics are 
illustrated in Figure 5 a and b. In the 
first of these the inner annular volume 
is adjusted by sliding a telescopic tube 
over the inner cylinder. As this is in- 
serted it reduces the gamma volume. 
In any given field distribution this 
method gives extremely close compen- 
sation without great mechanical com- 
plication but the compensating volume 
is not distributed uniformly along the 
length. The second method makes use 
of an inner electrode which has four 
longitudinal slots which may be opened 
in varying amounts by a rotating shut 
ter beneath them. A further cylinder 
inside the shutter defines the additional 
collecting volume to that added by 
the thickness of the shutter and the 
width of the slots exposed. Although 
this system adds increments of volume 
uniformly along the length, the col- 
lecting field is disturbed by the steps 
in the spacing and the compensation 
is excessively dependent on polarizing 
potential. It is also complex and ex 
pensive to manufacture. 

A simpler system is now under de 
velopment using an electrode system 
in which all three cylinders are slightly 


TABLE | Performance data for uncompensated and compensated ionization chambers 





TYPE Sa Sy geq COMPEN- 

amps/nv amps/R/h nv SATION REMARKS 

IR/h RATIO 

UNCOMPENSATED CHAMBERS using 
AERE RC! 1-5 X 10-1 2-0 X 10-12 130 hydrogen 
Plessey Nucleonics filling 
PNI 1026 (RC7) 1-7 X 10-14 2:2 X 10-12 130 pressure 
Westinghouse for 
WL 6937 4-4 x 10-14 5X 10-11 1100 optimum 
GE 5467870G4 2:2 K 10-14 2-2 10-11 1000 eq 
GAMMA COMPENSATED CHAMBERS 
Plessey Nucleonics 
PNI 1025 (RC6) 1-2 X 10 5 X 10-14 4 30:1 fixed 
W estinghouse 
W L 6377 4X 10-14 3 X 10-18 7°5 100:1 adjustable 
GE 5467870G2 y 10-14 I 10-12 50 20:1 fixed 
CEA France 
CCPINSO 5 X 10-15 5 X 10-14 10 50:1 fixed 
CCPIN 100 1-5 K 10-14 3 X 10-14" 2 300 :1 adjustable 
Russian KNK 53 36 X 10-14* 1-2 K 10-13* 3 1000 : 1 fixed 


* These values are calculated from available data and values of Sy err on the low 
side as no account has been taken of stray volume. 
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Experimental methods of mechanical compensation adjustment under study at Plesseys (Fig. 5) 


tapered* so that although a uniform 
spacing is maintained along their 
length, the volume of the gamma space 
may be simply adjusted by moving 
the inner electrode axially (Figure 6). 
This system may be applied equally 
well to chambers with short or long 
sensitive volumes although the prob- 
lems of making the tapered electrodes 
increase with length. With careful de- 
sign of the electrode supporting system 
very good collection characteristics 
can be obtained and the contribution 
to either sensitive volume by stray 
volumes made quite negligible. 


Comparison of performance 

The relative merits of various de- 
signs of compensated chambers are 
frequently compared in terms of com- 
pensation ratio but this may be very 
misleading. Since the purpose of the 
compensation is to discriminate against 
gamma background, the ultimate cri- 
terion of a design must be the relation 
between the useful gamma sensitivity 
and the neutron sensitivity. Useful 
gamma sensitivity in this sense means 
the lowest sensitivity which may be 
reliably assumed in normal use or 
between adjustments in the case of 
adjustable chamber. This is not neces- 
sarily the same as the published sen- 
sitivity and can usually only be deter- 
mined by direct experience once the 
chamber is installed. A useful measure 
of the merit of a compensated cham- 
ber is the value of neutron flux geq 
which yields the same output current 
as a gamma flux of I r/h. 

The values of the sensitivities and 
eq are shown in Table 1 for some 
of the chambers described together 
with the corresponding values for 
some uncompensated chambers. From 
the figures for uncompensated cham- 
bers it can be seen that the optimiza- 
tion of design in the RC1 described by 
Abson and Wade has in fact resulted 
in nearly an order of magnitude im- 
provement in geq for both the RCI 
and RC7 over the Westinghouse and 
General Electric designs. This enables 
the performances of the compensated 
* Patent applied for. 
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chambers to be seen in better pers- 
pective. 

The RC6 chamber is normally set 
up during manufacture for a compen- 
sation ratio of about 30 in a uniform 
gamma field, giving a value of geq of 
4 nv. This ensures that in any gradient 
likely to be met in a graphite thermal 
column or water moderator the cham- 
support pillar 


insulators 























baseplate 


positive electrode 
Sliding compensating adjustable 
electrode volume 


The conical electrode system also being 
studied is both simple and efficient 
(Fig. 6) 
ber never becomes over-compensated 
and users are advised to base per- 
formance figures on a factor of 10 i.e. 
a eq of 12 nv which will be improved 
on in normal use. On this basis 
therefore the chamber is closely com- 
parable in performance with the 
Westinghouse WL 6377 but without 
the attendent drawback of the need 

for adjustment. 

The French adjustable chamber 
CCP 1N 100 would seem to have a 
rather better performance than the 
Westinghouse chamber but this is only 
achieved by a very fine adjustment in 
situ and may be expected to be more 
dependent on gradient. The perform- 
ance of the Russian KNK 53 cham- 
ber is probably not as good as the 
table suggests as the value of geq is 
based on estimated data, but it is cer- 
tainly comparable with the best of 
the other chambers and should be very 
insensitive to changes in gamma flux 
gradient. It must however be costly to 
produce and adjust. 


Suitable application 

The choice of a compensated cham- 
ber must inevitably be very dependent 
on the type of operation for which the 


reactor is designed and the flux condi- 
tions available. 

The location of the detector with 
relation to the reactor core will gen- 
erally decide the shape of the sensitive 
volume which will make the best use 
of the available neutron flux. Con- 
sideration of the range to be covered 
and the relative neutron and gamma 
flux levels will then decide the extent 
to which compensation is necessary. 
As has already been mentioned, the 
greater simplicity of d.c. measuring 
systems has led to a tendency to spe- 
cify compensated chambers wherever 
possible in place of pulse counters. The 
lower limit of neutron flux at which 
any d.c. ionization chamber may be 
used satisfactorily is primarily deter- 
mined by considerations of statistics, 
noise and response time in the chan- 
nels involved (usually period chan- 
nels). The determination of this limit 
has been adequately described (7, 8) 
for uncompensated chambers and is 
identical for compensated types. Once 
this lower limit is known and the cor- 
responding output current level fixed, 
the contribution to this current by the 
maximum gamma level expected at 
this neutron flux level can also be 
found, and the need for gamma com- 
pensation determined. Frequently the 
gamma levels are not known with any 
certainty and in such cases the use of 
a compensated chamber is often in the 
nature of an insurance policy. 


Adjustable chambers in research reactors 

Where an adjustable chamber is to 
be used careful consideration must be 
given to the manner in which this ad- 
justment is to be made. There is no 
difference in principle between adjust- 
ments made mechanically or those made 
by varying polarizing potentials, but 
where anything but the simplest shield 
plug assembly behind the chamber is 
used, the mechanical type is usually 
impracticable. As has been mentioned, 
the advantages claimed for the adjust- 
able chamber are that it may be ad- 
justed in situ for the flux gradients 
actually met. However, this cannot be 
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done except when the reactor is shut 
down and only the residual gamma 
flux from fission products and induced 
activities is present. Where the fuel 
charge is a fresh one the level of this 
will probably be far too low to be 
measured so that the adjustment can- 
not be made until the reactor has been 
run for a time. Since between succes- 
sive shut-down periods there is likely 
to be a change in the distribution of 
fission product activity in the core, 
it is likely that the compensation can- 
not be relied on after shutting down 
until a readjustment is made. Thus in 
the event of a short shut-down period, 
such as an accidental trip, where it 
may be desirable to get the reactor 
critical again as soon as possible, the 
lower end of the d.c. period range may 
be unreliable due to the uncertain 
compensation factor. 

This could be very inconvenient if 
gradient shifts had made the chamber 
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Variation of compensation ratio with 
gamma flux gradient in the PNI 1025 
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over-compensated so that at shut-down 
it produced a small negative current, 
driving the electrometer valve of the 
associated period meter into a region 
of very high input impedance. The 
‘long time constant of the input stage 
under these conditions would lead to 
severe overshoot difficulties once the 
power level was increased again. In a 
reactor where large sources have been 
used to bring the shut-down neutron 
flux to a level where d.c. channels are 
relied on for period protection the ini- 
tial adjustment in the presence of this 
flux would be difficult and any over- 
compensation would’ render the 
period safety circuits inoperative and 
give widely differing readings on dif- 
ferent measuring channels. The prin- 
ciple application of adjustable cham- 
bers is therefore likely to lie in re- 
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search reactors where frequent shut- 
down periods permit a careful check 
to be kept on the compensation. 

Similar considerations apply to the 
Russian KNK 52 chamber in which 
the compensation is adjusted by mov- 
ing it in a field having a maximum. 
The paper refers to the need to do 
this each time the reactor is started 
up so that presumably the chamber 
is only used during start up, and ad- 
justed in position to produce the mini- 
mum gamma current immediately be- 
fore. 

Large power reactors are expected 
to run for very long periods between 
shut-downs and during these periods 
to have many fuel rearrangements so 
that no stable or predictable pattern 
of gamma flux gradient can be ex- 
pected in the chamber positions. It is 
for reasons of this nature that the 
approach in this country has been to 
produce chambers in which the com- 
pensation is adjusted mechanically to 
a reasonable value which is then fixed. 
In the PNI 1025 the ratio is between 
20 and 30 to 1 for a uniform field, 
and in the normal nose-on position 
this improves as the gradient from nose 
to tail increases but does not approach 
the overcompensated conditions for 
any gradient likely to be met in prac- 
tice (Figure 7). For the purpose of 
range calculations the compensation 
ratio should then be taken as 10:1 and 
this ensures that the gamma sensitivity 
will remain below the value used for 
calculations indefinitely and the cham- 
ber will not become overcompensated. 


Limiting factors 

Whichever type of compensated 
chamber is used more attention must 
be paid to the stability of the polariz- 
ing supplies than with two-electrode 
chambers. Even in the most carefully 
designed electrode systems collection 
in the saturation region may vary by a 
fraction of a percent per hundred 
volts and the collection characteristics 
of the gamma volumes are usually in- 
ferior to those of the neutron sensi- 
tive volume. Thus relative variations 
of the polarizing potentials can cause 
quite substantial shifts of the com- 
pensation. In the PNI 1025 (RC6) de- 
sign the compensation remains sub- 
stantially unaffected provided that the 
two potentials are equal, but can vary 
considerably if either changes alone 
due to competition between the two 
collecting fields at the ends of the 
electrodes (Table 2). Thus if battery 
supplies are used care must be taken 
that the two potential decrease to- 
gether as the batteries age. 

An additional limitation to the 
lower end of the range covered by 
d.c. channels is the residual activity of 
the ionization chambers themselves. 
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Even though in most designs car is 
taken to reduce this by using f ire 
materials with short half-lives, it tay 
still provide a contribution as lege 
as the gamma flux for short peri ods 
after shut down. In order to red.ice 
this effect the ion chamber is of en 


TABLE Il Effect of polarizing poten.ial 
on compensation ration in PNI 1:25 


NEUTRON 
VOLUME 


COMPENSATING VOLUME 
Vy» volts 


V, volts —500 —400 300 —200 ) 





500 3% 26 20 15 11 
400 54 35 23 17 12 
300 166 59 35 20 14 
200 63 —166 100 35 8 
100 20 27 38 —330 %6 


The compensation ratio remains constant 
provided that both potentials are the 
same, but relative changes of potential 
cause an increase or decrease in compen- 
sation ratio. 


retracted to a position of lower neu- 
tron flux at full power so that the 
activities built up will be correspond- 
ingly lower but this is not always con- 
venient or practicable. Most cornpen- 
sated designs also provide some degree 
of compensation of the residual acti- 
vity currents since the largest part of 
the effect is produced by the activity 
of the electrodes. The compensation 
will not usually be as good as that 
against external gamma fields nor will 
it vary in the same way with any com 
pensation adjustment provided, but it 
may be sufficient to make retraction 
unnecessary. Since the effect is prin 
cipally due to beta emission from the 
surfaces bounding the _ sensitive 
volumes, the compensation is likely to 
be best for the more symmetrical 
parallel plate designs. The only infor 
mation available for the chambers des 
cribed is that for the PNI 1025 (RC6) 
in which the compensation reduces the 
residual activity current by a factor of 
about 10. 
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| Reactors 


A thermocouple for reactor control 


by J. L. AYRE, Ph.D., B.ScTech.), Simon Carves Ltd. 


THE ACCURATE and rapid measurement of outlet gas 
temperature in the Hunterston reactors is essential for con- 
trol at power, as this will provide the signal for the fine- 
control-rod mechanisms. Radial flux instabilities across the 
core may make manual fine control impracticable, and the 
core is divided into a number of radial zones each having 
independent automatic control. The outlet gas temperature 
is measured in approximately four hundred channels in a 
core of three thousand channels. Once installed the ther- 
mocouple assemblies must operate for the full life of the 
reactor. 

It was proposed to use chromel-alumel thermocouples 
sheathed in stainless steel and situated in the top reflector 
course of the graphite core. In order to accommodate fuel- 
element withdrawal and access by servicing or charging 
gear the thermocouple assembly must be installed outside 
the main gas-stream flow. It was necessary to avoid direct 
thermal radiation from the topmost fuel element and to 
keep to a minimum the thermal radiation from the sur- 
rounding graphite reflector. In direct conflict with these 
requirements was the need for rapid response of the 
thermocouple to temperature transients in the fuel chan- 
nel, and the additional requirement of installation of the 
thermocouple assembly after the core had been laid but 
immediately prior to the laying of the charge (or guide) 
pans. A design to meet these conditions could be achieved 
by housing the thermocouple in a concentric radiation 
shield which in turn could be housed in a recess on the 
side of the channel. The important problem was, of course, 
to ensure that gas would diverge from the main stream 
into the pocket, enter the concentric radiation shield, and 
flow over the thermocouple with the minimum loss of gas 
velocity. The flow pattern in such a system would be very 
complex for theoretical solution and it was proposed to 
base the design on investigations using dimensionally- 
similar models. 


Water model technique 


The reactor channel was represented in a water model 
by a rectangular perspex duct, the width being the same 
as the channel bore and the depth approximately half the 
channel bore. In the side of the duct there was a step, into 
which various arrangements could be inserted to simulate 
the pocket and assembly. Flow visualization was obtained 
by sized polystyrene of specific gravity 1-00-1-02. Illumina- 
tion was provided by two mercury-vapour discharge lamps 
which were set on each side of the duct. By careful screen- 
ing and contrasting, the polystyrene particles show up as 
bright traces of light, making the flow pattern visible. 

Under dimensionally similar conditions a mean main- 
Stream velocity of the carbon dioxide coolant gas of 30 ft 
sec at 1501b/in.2 and 750°F in a 5:25 in. i.d. channel, is 
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represented by a velocity of approximately 10 ft/sec in the 
water model at atmospheric conditions, whereas in an air 
rig at the same Reynolds number the velocity would be 
about 120 ft/sec. 


Tentative design 

It was immediately apparent from the initial water- 
model experiments that the angle of divergency into the 
pocket and the length of the pocket were very critical. At 
angles of less than 10° to the axis of the duct the flow 
entered the pocket with no discernible separation from 
the wall. Between 18° and 20° the flow still entered, but 
did not follow the wall exactly. Above 20° the flow de- 
tached from the wall, and flow in the pocket was at a 
very low order and counter to the mainstream flow. When 
a cylinder representing the radiation shield was placed into 
such a pocket even this counter flow was inhibited, and 
the flow stagnated. From the initial survey it was con- 
cluded that an angle of 15° to the channel axis would 


Fig 1 Full-size test 

design in wooden 

channel for air-rig 
tests 





ensure entry of the stream into the pocket and that a 20 
angle would be suitable to return the flow to the channel. 
The polystyrene particles appear as interrupted traces 
owing to the stroboscopic effect of the mercury-vapour 
lamps and provide an easy method of measuring approxi- 
mately the local velocities, and with the angles mentioned 
above it appeared that the local velocities were 70% to 
90% of the mean mainstream velocity. This was obtained 
from a metering orifice in the water-model circuit and 
verified within 2% by a total-head tube with a wall static 
tapping immediately upstream of the pocket. 

Further work suggested the design of the radiation shield 
and a model of the complete assembly was produced. 
A lip on the radiation shield obscures the direct thermal 
radiation from the topmost fuel element to the thermo- 
couple junction. Measurement of the polystyrene trace 
within the radiation shield was extremely difficult but 
appeared to be about 70-80% of the mean mainstream 
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velocity. The limit of usefulness of the polystyrene tracer 
was effectively reached after close study of a cine record 
showed an apparently satisfactory flow pattern. The tube 
representing the thermocouple was then used as a total- 
head tube and a small static tapping was placed in the 
side of the radiation shield. The ratio of the velocity in the 
radiation shield to the mainstream velocity was obtained 
from the square root of the ratio of the two differential 
heads of the two pitot arrangements. At the design Reyn- 
olds number this value was 78%. At 80% of the design 
Reynolds number the value was 75 


Air-rig model 


The design deduced from the water model was then 
copied for tests on an actual-size wooden channel and is 
shown in Figure 1. Again the thermocouple tube was re- 
presented by a total-head tube with a wall static tapping 
in the radiation shield. The wooden model was blown with 
air with the same upstream condition as used in the water 
model, i.e., with fairly low free-stream turbulence. It was 
only possible to obtain 80% of the design Reynolds num- 
ber and at this value the ratio of the velocity at the 
thermocouple junction to the mean mainstream velocity 
(calculated from the metering orifice) was 74%. Thus, 
although the water-model duct was not a strictly true re- 
presentation of a reactor channel the close tie-up with the 
air-rig tests shows that the approximation was justified 
and that a value of approximately 78%, would be obtained 
at design conditions. This would produce a satisfactory 
rate of response in the thermocouple junction. 


A GEC fuel element, i.e., having straight fins and helical 
‘swirlers’, was placed 13 in. upstream of the assembly, 
corresponding to the position of the topmost fuel element 
when the channel is fully loaded. At 80% of the design 
Reynolds number the ratio of the two velocities was then 
slightly in excess of 100%. Further investigations showed 
that there was a long and stable wake behind the fuel 
element and that owing to the fuel-element design the gas 
was still moving predominantely in a helical motion at the 
entry to the thermocouple pocket. This fortuitously favour- 
able condition would thus decrease the response time still 
further on a design which was satisfactory without the 
helical motion. 


| Materials | 








Fig 2 Two views of prototype assembly, show arrangement 
of thermocouple in pocket and method of keying insert into 
reflector block 


Prototype assembly 

The thermocouple pocket developed as a result of these 
studies is made as a keyed insert which slides into the 
reflector block after the core reflector has been laid. On 
this insert is carried the stainless steel radiation shield in 
which is housed the sheathed chromel-alumel thermo- 
couple (Figure 2). The cross-secton of the radiation shield 
has been modified by manufacturing considerations, but 
the dimensions of the pocket and shield, and the relative 
positions of the lip on the radiation shield and the thermo- 
couple junction, are as in the original water-model tests. 

The prototype has been tested in a heated and pres- 
surized carbon dioxide gas loop for accuracy and rate of 
response to transients in the gas temperature, and the 
design is in production for the Hunterston reactors. 
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Heat transfer properties of Santowax R 


by C. GROVE-PALMER, B.Sc., A.M.LE.E. and 
H. PASS, B.Eng., G.I.Mech.E., AERE, Harwell 


THERE HAS been considerable interest in organic liquids 
as reactor coolants (and moderators) because of their low 
vapour pressure and non-corrosive nature. Another ad- 
vantage is the low induced activity. That they have been 
so little used is due to the tendency of most organic com- 
pounds to polymerize when subjected to high temperature 
and to irradiation; the change in physical properties on 
polymerization causes a reduction in heat transfer per- 
formance. The organic material most resistant to the com- 
bined effects of high temperature and irradiation that has 
been found so far is terphenyl, available commercially as 
an isomeric mixture known as Santowax R. Even this 
would have to be used with a substantial polymer content 
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in a power reactor. It should be noted that the experi- 
ments reported here refer to the unpolymerized material. 

The material used has the following composition: - 
ortho terphenyl 8%, meta terphenyl 52%, paraterphenyl 
39%, diphenyl less than 1%, ash content less than ‘01%. 
The revelant physical properties were measured by Bowring 
and Garton (2). 


Description of equipment 

Both heat transfer and burnout experiments were carried 
out in loops constructed of | in. nominal bore tubing em- 
bodying the following features: pump, control valve, 
cooler, test section, dump tank, sample point, pressure 
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Fig. 1 Annular heat transfer test section 


vacuum system, flanged joints, controlled trace heating, 
and instrumentation for flow measurement, temperature 
measurement, power measurement and power trips. 

The pump is a gas bearing, centrifugal type, capable of 
delivering up to 20 gallons of fluid per minute against a 
head of 60 ft. The pump bowl is trace heated and the 
motor windings are cooled by a water jacket. The cooling 
section is a length of spirally finned tubing. The hot 
Santowax R passes through the central tube and is cooled 
by air flowing over the fins. The cooling rate is controlled 
by a gate valve in the air supply line. 

The annular heat transfer test section is shown in Figure 
1. The core of the annulus consists of a 4in. dia. thin- 
walled stainless steel tubular heating element brazed to 
copper bus bars which supply it with power from a low 
voltage high current transformer. The coolant flows in an 
0-080 in. annular gap outside this core. The heating ele- 
ment is Sin. long, giving a surface area of 7°84 in.? (50 
cm’), the maximum heat flux obtainable being 400 watts / 
cm*. The core, consisting of the stainless steel tube and 
bus bar assembly, is electrically insulated from the body 
of the test section. The lower bus bar is passed through an 
‘O° ring seal to atmosphere, to allow expansion of the 
core when the main heat is on. The whole test section is 
trace heated and losses are balanced by the trace heating at 
the start of each experimental run. 

The sampling point is a small subsidiary loop in parallel 
with the main loop and isolated from it by two valves. To 
obtain a sample, the fluid is allowed to flow through the 
sampling loop, which is then isolated by closing the valves 
and freezing out. The section of pipe containing the 
sample is then removed. The pressure/vacuum system is 
a network of valves and pipes suitably connected to allow 
evacuating or pressurizing of the rig or dump tank or 
both. The vacuum facility is used to leak test the rig and 
to evacuate it before charging with Santowax. The pres- 
surizing system is used to fill the rig by pressurizing the 
dump tank and also to provide an inert gas blanket pres- 
sure during normal running. All couplings in the gas 
system are of the High Pressure Yorkshire type. The 
flanged joints used throughout the rig were originally de- 
veloped for liquid metal work. The seal is obtained by a 
raised nubbin on one of each pair of flanges, which applies 
a high local pressure to a soft iron gasket. 

Trace heating of the rig is all obtained by electrical 
resistance heaters. The general pipework is wound with 
asbestos covered monel wire, the cooler, pump bowl and 
dump tank with 4 in. dia. Pyrotenax metal sheathed heat- 
ing cable, and the flanges and valves are fitted with 
Edwards type flat heaters. Control for the trace heating is 
obtained by supplying the heaters through either ‘ Variac’ 
auto-transformers or through Simmerstats. The whole of 
the loop is lagged with a 14in. layer of amosite asbestos. 

Small valves are used to isolate the sampling loop and 
dump tank from the main circuit. They have a nickel cone 
on a stainless steel seat. It has been found that after 
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several operations, a satisfactory seal can only be obtained 
by cooling to solidify the wax. 

Flow measurement has been attempted in three ways 
with varying degrees of success. A conventional petroleum 
industry turbine flowmeter, as used in aircraft fuel systems, 
has been modified to withstand the high operating tem- 
peratures and has worked for over 1000 hours. A heated 
U-tube manometer using modified Klinger reflex gauges 
has been used connected to an orifice plate for flow meas- 
urement in the burnout rig and after initial difficulties 
with gas pockets in the supply lines, has proved to be 
reliable. One or two differential pressure cells have also 
been tried without success, but a current modification of 
a commercial unit has shown more promise of success in 
preliminary tests. 


Temperatures throughout the rig are measured with 
chromel-alumel thermocouples. Those which give a general 
indication of temperature at discrete points throughout the 
rig are displayed on multi-point recorders. The tempera- 
tures which require more accurate measurement, i.e. those 
used in the heat transfer calculations, are obtained using 
calibrated thermocouples whose output is measured on a 
microvolt potentiometer. Power is measured using a Cam- 
bridge Multirange Wattmeter. The voltage coils are fed 
direct from potential tappings at each end of the stainless 
steel heating element and the current coils are fed through 
a 2000/5 amp current transformer. Power trips are built 
into the temperature recorders to ensure that the main 
heater supply ceases should any recorded temperature rise 
above 470°C and that the pump and main heater supplies 
both cease should any drop below 160°C. A flow switch 
is built into the pump cooling water line to isolate the 
pump and main heater if flow should fall below a fixed 
rate. An overriding power trip is built into the air blower 
supply to trip the pump and main heater if this should 
fail. 


Experimental methods 

The average bulk fluid temperature in the test section 
was obtained by taking the mean of the inlet and outlet 
temperatures. The element surface temperature was derived 
from the measured temperature inside the element. The 
coolant flow rate, blanket pressure and power dissipated 
in the test section were recorded to complete the quanti- 
ties required to establish a heat transfer correlation. Heat 
losses from the test section were compensated by the trace 
heating which was adjusted to equalize the inlet and out- 
let temperatures with main heat off. This was re-adjusted 
as variations in running conditions were made. 


The normal method of attack in the heat transfer ex- 
periments was to maintain the bulk fluid temperature, 
blanket pressure, and flow rate at constant pre-determined 
values, while the main heat flux was varied. Readings were 
taken at 15 minute intervals for any one setting and were 
recorded until four consecutive sets of values of inlet and 
outlet temperatures and element temperature fell within 
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acceptable tolerances. A constant watch was kept on flow 
rate and blanket pressure, and small adjustments were 
made as required. Average bulk fluid temperature was 
maintained at the correct value by adjusting cooling air 
flow each time the main power was changed. 

The heat flux was first set at a low value of 50 watts 
cm*, and increased in 25 watt/cm* stages up to about 350 
watts/cm’ or until the burnout region was_ being 
approached. An indication that boiling heat transfer had 
been reached was given by a marked improvement in heat 
transfer coefficient. This was roughly calculated continu- 
ously as results were obtained. 

As a preliminary to the full-scale burnout experiments, 
an investigation into the order of magnitude of burnout 
heat flux was made with a simple pool-boiling apparatus. 
This consisted essentially of a pool of Santowax in which 
a platinum wire heating element was immersed. By current 
and voltage measurements, both the power consumed and 
the resistance of the wire were determined. The power con- 
sumed was used to calculate heat flux and the resistance 
gave a measure of the temperature of the wire. The burn- 
out heat flux was determined by raising the power con- 
sumed until burnout occurred. A constant observation of 
current and voltage was maintained. This experiment was 
repeated with the bulk fluid temperature at varying degrees 
of subcooling. 

In the burnout experiments, the constant parameters 
during each run were: bulk fluid temperature, fluid flow 
rate and over-pressure; the variable was heat flux. The 
probable burnout heat flux was calculated from the Core 
and Sato correlation (3) and the initial power setting was 
approximately 50%, of this figure. The power was then 
increased in steps of 10% of the predicted burnout heat 
flux until burnout occurred. 

At each power setting, a check of inlet and outlet tem- 
peratures was made and the cooling air flow was adjusted 
to maintain the bulk fluid temperature at the required 
level. In the absence of a reliable burnout detector the test 
specimen was usually damaged when burnout occurred. 


Results and discussion 

A feature of organic liquid systems which may be a 
disadvantage is the deposition of polymerized material on 
heated surfaces. At the conclusion of each run in these 
experiments, the heat transfer test section was examined 
and it was found that even after the high temperature 









high heat flux runs, there was no fouling of the surface On 
one occasion a thin black film was observed, but cher. ica/ 
analysis showed this to be iron oxide caused by the ° cci- 
dental inclusion of air in the rig due to ineffective pu ing 
of the loop prior to filling with Santowax. When phy cal 
burnout occurred there was. usually some coke forme | in 
the region of the burnout but it is considered that ‘his 
was caused by the very high local temperature at bur: out 
and was not the cause of the burnout. In one of the | ool 
boiling tests a large deposit of coke was found on the ‘ire 
suggesting that in conditions of low flow there may be 
fouling of the heated surfaces. However in the test k ops 
the conditions of highest temperature and highest velocity 
occur at the same place and probably this prevents « Ike 
from being deposited. Table | presents the heat transfer 
and in Figure 2 they are compared with Dittus and 
Boelter (Nu = 0.023 Re®* Pr®’*). 
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TABLE 1 Heat transfer results TABLE 2 Burn-out results 





(a) (b) (c) (4) (e) (f) (gs) (h) 
300 10 50 -§2 300 0 15 wh 
0 15 50 -76 300 w 20 38 
300 20 SO -96 350 0 10 25 
300 25 S0 1-13 300 100 1 10) 
350 10 s0 59 (Pool 

350 15 SO -80 ' Boiling) 

0 20 SO 1-02 250 0 0 14 
50 25 SO 1-24 

400 10 100 “64 

400 15 100 “84 

400 pil 100 1-15 

400 25 100 1-35 


(a) Bulk fluid temp °“C (b) Coolant flow rate ft/sec 
(c) Blanket pressure Ib/in.” (d) Average heat trans. coeff 
watts/cm*® °C (e) Bulk fluid temp “C (f) Blanket pressure 
Ib/in.” (g) Flow rate ft/sec (h) Burnout heat flux-watt/cm 


The value of heat transfer coefficient was evaluated from 
graph of heat flux v temperature difference, a typical 
example being given in Figure 3. An indication of the 
improvement in heat transfer obtained by boiling is seen 
from Figure 3 although at present sufficient work in the 
boiling region has not been carried out to make any firm 
recommendation. It can be seen that the equation, pro- 
posed by Dittus and Boelter (4), which is convenient in 
that all physical properties are evaluated at the bulk tem- 
perature, is a close fit to the experimental results. The 
maximum error is 3% and this is within the limits of ex- 
perimental accuracy. Bley (/) in his report on polyphenyl 
heat transfer has recommended the following correlation: 

Nu = 0-015 Re*® and Pr’. This was obtained by feed- 
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NUCLEAR TECHNOLOGY 





ing 2il the experimental results for several polyphenyls 
into an IBM 704 computer to determine the best values of 
the .onstant factor and the exponents of Reyolds number 
and Prandtl number. It was found that the results of the 
work reported in this paper could be correlated by the 
American equation, but not as closely as by the standard 
Dittus and Boelter equation. It is considered that in the 
absence of significant variation from this standard equation 
no attempt to formulate a new correlation is justified. 

The burnout results are given in Table 2. An attempt at 
a general correlation of burnout data for liquids was made 
by Griffiths (5) for a single heating element in an annular 
flow passage. This relationship can be used in conjunction 
with the Griffiths curve to predict. within a fairly wide 
margin. the burnout heat flux, for a given set of rig con- 
ditions. The experimental points obtained in this in- 
vestigation lie slightly above the upper limit predicted by 
Grifliths. This may be partly offset by the difference 
between the British and American definitions of burnout. 
The British concept of burnout is: * that heat flux at which 
burnout occurs, while the Americans use the highest heat 
flux obtainable with steady state conditions before burnout 
occurs. The latter can be as much as 10% less than the 
heat flux at the actual burnout point. 

Use of this correlation necessarily involves much arith- 
metic and, to avoid this, several experimenters have de- 
vised simpler empirical correlations which can be used in 
very narrow fields. A convenient equation for use with 
Santowax R has been obtained by Core and Sato (3). This 
relates burnout heat flux, sub-cooling and coolant velocity. It 
is (q/@) max 552 AT sy V2/* + 152,000 where (4/4) max 
burnout heat flux, A\7,,,, = sub-cooling and V = velocity. 
The units used are British. The equivalent equation in the 
units of this paper is (q/@) a, = 0°314 AT. V?/> + 48:1 
where (q/@)max iS in watts/cm.?, A\T.,, is in °C and V is 
in ft/sec. This relationship is presented graphically in 


Cc 
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Figure 4 with the experimental points shown. This em- 
pirical correlation takes no account of L/D ratio and it is 
fortuitious that the apparatus of Core and Sato was similar 
in shape and size to that described here. 

The overall effect on heat transfer coefficient of experi- 
mental error has been calculated from the known possible 
errors in measurement and it is not more than 10% in the 
worst possible case. 


Conclusions 
Unpolymerized Santowax R in the absence of radiation 
can be operated at bulk fluid temperature up to 400°C in 
contact with a heated surface at a temperature up to 520°C 
without any fouling of the heated surface, provided that 
adequate flow is maintained. The work has shown that the 
standard Dittus and Boelter equation Nu = -023 Re® Pr® 
can be used to correlate heat transfer data for Santowax R. 
This equation is preferred to the new one proposed by Bley 
and has shown good agreement with the results reported 
even with the much higher heat fluxes which have been 
obtained in the present experiments. Burnout heat flux 
values slightly higher than the values suggested by the 
Griffith correlation have been obtained, and it is con- 
sidered that the Core and Sato correlation can be used to 
predict burnout heat flux more closely. These indicate that 
a heat flux of 300 watts/cm? can be safely sustained when 
the bulk fluid temperature is 350°C with a fluid velocity of 
20 ft/sec. and 100 lb/in.* system pressure. 
References : 
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Packaged switching circuits 


US National Bureau of Standards 


A SERIES of transistorized computer packages for pre- 
liminary processing of data is being developed under the 
direction of Mr. J. A. Cunningham at the National Bureau 
of Standards. Each package is constructed on a 4in. by 
Sin. plug-in printed board, and most of them contain type 
2N414 transistors; some use types 2N363 or 2N123. 
Units developed so far include: 


The flip-flop This consists of two bistable flip-flop cir- 
cuits and the necessary logical gating for converting each 
to one of several modes of operation. A normally open 
switch can be connected to the collector of either transis- 
tor to reset the flip-flop. In each package is also sufficient 
circuitry to construct one bit of a double-rank shift regis- 
ter or two bits of a serial shift register. The output of the 
package can drive 5 other flip-flops. 5 OR-inverter circuits, 
8 gate resistors, or 5 gate capacitors. 


The gating package This contains 8 logical gating cir- 
culls consisting of resistor-diode networks with capacitor 
inputs. They are mainly to supplement the gates in the 
flip-flop packages to complete the component requirements 
of shift registers, counters, or other systems. They can 
transfer information from a shift register or form feed- 
back paths in various counting configurations. These gates 
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can be driven by the output of a flip-flop, a * one-shot ° 
pulse generator, an OR-inverter, or a power driver. 


The ‘ one shot ’ pulse generator A single pulse whose dura- 
tion is variable from 20 to 10,000 , sec can be delivered. 
Regardless of the duration of the pulse, the circuit is pre- 
pared to generate a new pulse 20 » sec after the initiation 
of the first. The package consists of a flip-flop identical to 
the one in the flip-flop package, together with an integra- 
tor, a discriminator, and an amplifier. After the flip-flop 
is triggered, its output is integrated. When this integrated 
signal reaches a predetermined level, the discriminator is 
triggered. Its output is differentiated, amplified, and in- 
verted, then differentiated again before being fed back to 
reset the flip-flop. The output, which can be either positive 
or negative, has the same driving capabilities as the flip- 
flop package. 

The OR-inverter Each of these packages, which can also 
be used as an AND-inverter, contains four separate 4-in- 
put inverter circuits. For negative input pulses, the 4 in- 
put diodes function as an OR-gate; for positive inputs, 
the diodes serve as an AND-gate. The output of the gate 
is amplified and inverted. One of these packages can drive 
6 other similar packages, 6 flip-flops, 8 gate resistors, or 6 
gate capacitors. 
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ORGANIZERS of 


Cross Section » cxsccuus 


official openings 
usually follow the well-tried rule: have 
plenty of speeches, perhaps a small 
inspection or two, but don’t let any- 
one actually do anything. Those who 
ignore this and prefer to risk some 
action are liable to play into the hands 
of the devil that waits on demonstra- 
tions. 


The invitation had merely stated 
that HRH The Duke of Edinburgh 
would ‘open’ Merlin, and until the 
ceremony was well on its way I 
assumed the first school of thought 
was being adhered to. But having 
looked over the reactor hall the 
Prince disappeared with his party into 
the control room for several minutes 
and word went round the guests that 
he was going to start it up. Then he 
emerged looking slightly cross, and it 
began to dawn on us that Merlin 
wasn’t playing. It was with a definite 
air of anticlimax that the Prince 
stepped forward, pulled the string to 
unveil the dedication plate let into the 
reactor wall, and marched out. Feel- 
ing rather let down we all filed back 
to the marquee for tea and then out 
to the waiting cars for home. 


The next day I heard that Prince 
Philip really had sent Merlin critical. 
Rather puzzled, I made a few en- 
quiries. We had reckoned without the 
Royal persistence. Apparently, having 
been baulked in the control room 
(‘ Look, we've got to get this thing 
going’) he stayed at Aldermaston 
Court and filled in time with a tour of 
the laboratories until the staff had cor- 
rected the fault. So Merlin was finally 
started up, in the presence of only a 
handful of spectators, and HRH de- 
parted in triumph. 


The Prince is well known for his 
interest in science, though as he freely 
admitted in his speech, his actual know- 
ledge is limited. ‘ What I do know has 
been mostly picked up from visits like 
this,” he said. He had a kind word for 
AEI’s arrangement with various edu- 
cational institutions, including the 
Universities of London, Reading and 
Southampton, for them to send stu- 
dents along to use the reactor as part 
of their courses. ‘ The advancement of 


research depends on specially trained 
people as well as on facilities, and this 
arrangement is a recognition that they 
have to go together.” 


After hearing and reading a num- 
ber of remarks lately about the waste 
of overlapping research and the neces- 
sity for tightening the (money) belts 
I was pleased to hear the Prince fin- 
ish his speech by urging the impor- 
tance of steady research on a broad 
front, and emphasizing that ‘a rapid 
advance is only possible if the same 
problem is tackled by a number of 
people in different ways.’ 


FRESH from his election triumph, Lord 


Hailsham certainly brings confidence 
and enthusiasm to his new job as Min- 
ster for (not ‘of’) Science. But, one 
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may ask, is that all? It has to be, for 
Parliamentary Government is, as he 
reminded me, ‘in the main, Govern- 
ment by amateurs advised by experts.’ 
Curiously enough, this generally works, 
providing the Minister has a genuine 
interest in the subject and is not just 
treating his post as another Cabinet 
rung. Hailsham’s interest in science 

as befits the grandson of Quintin Hogg. 
the founder of the Polytechnic—is, I 
am sure, very genuine and he certainly 
cannot be labelled a career politician. 
One of the first fruits of his new 
appointment should be the publication 


of the Zuckerman Report on the ech- 
niques of management and contr. | of 
Government-financed research anc de- 
velopment. This inquiry was insti: ited 
by Lord Hailsham during the last ?ar- 
liament and it was originally he ded 
by Sir Claude Gibb. After G 5b’s 
death in January 1958, the job was 
taken on by Sir Solly Zuckerman and 
I understand his report is just a>out 
ready. The recommendations shuld 
form an interesting footnote to the 
Select Committee’s recent finding on 
the AEA’s old Industrial Group. 


A MECHANICAL engineer acquain- 


tance the other day was complaining 
of his difficulty in understanding elec- 
tronics. He is a pre-war graduate and 
so did not have to take this subject— 
which wasn’t invented anyway wien 
he was at the university. To be good 
at electronics you certainly have to 
have a sort of vocation for it, but iny 
engineer ought to be able to get as 
far as reading a simple circuit. In 
thinking about it however I was struck 
by a unique feature of electronics—it 
is really about the only engineering 
subject in which ‘do-it-yourself’ is 
thoroughly practicable. 


A mechanical engineer cannot easily 
in his bedroom build a diesel engine, 
or a centreless grinder. A civil engin- 
eer cannot, in his backyard, construct 
an arch dam or a bridge. But the elec- 
tronics man can, at very little expense 
if he ‘shops around’, easily build a 
useful—and thoroughly real—piece of 
his own kind of engineering. Thus in 
his case theory and practice can be 
brought into very intimate contact 
with each other with incalculable bene- 
fit. In actual fact most electronics men 
do—or at one period in their lives, 
did—play around at home with radios, 
amplifiers, television and what have 
you. Electronics, in other words, is 
often their hobby as well as their job. 


On Record 


Companies entering the nuclear indus- 
try have received relatively little in 
return for their investment. . . . Unless 
there is some revision of national 
policy much of their technical effort in 
this field will have to be discontinued. 
Sir George Dowty, Chairman, 

Dowty Group Ltd. 


The failure of the Free Trade Area 
talks convinced us, more than any- 
thing else could have done, that our 
basic policy of first priority for Com- 
monwealth investment is — entirely 
right. Pye Annual Report. 


Her passion was almost nuclear in its 
intensity. 
—from a story in ‘Ace’ paperbacks 
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PROGRESS IN INDUSTRY 





Naval and mercantile projects move ahead 


development facilities at Yarrow 


ON THE occasion of the launching 
of HMS Brighton at Scotstoun on 
October 30, the builders, Yarrow & 
Co. Ltd.. revealed their extensive acti- 
vities in the field of nuclear marine 
propulsion. This work is based on a 
research department which the com- 
pany, in collaboration with the 
Admiralty, set up in 1946 for the pur- 
pose of carrying out fundamental in- 
vestigations into all aspects of naval 
engineering design. Known as _ the 
Yarrow-Admiralty Research Depart- 
ment, Y-ARD, it is staffed purely by 
company’s personnel and is employed 
by the Government on a contract 
basis. 

Just before the launching, Rear- 
Admiral G. A. M. Wilson, in charge 
of nuclear propulsion at the Admir- 
alty, said that while it was very diffi- 
cult to give estimates in the nuclear 
field, it was his guess that it would be 
ten years at least before there was a 
iruly economic nuclear powered ship 
afloat. He went on to say that build- 
ing should not be delayed on this 
score as he did not think it was pos- 
sible to break even economically until 
operating experience was available to 
back up research. 

Since 1955 Yarrow’s 
been modernized and _ expanded, 
especially the experimental facilities 
and test shops, at a cost of £M1. Over 
the past two years Y-ARD have car- 
ried out comprehensive design studies 
under the direction of the Admiralty 
in the application of nuclear propul- 
sion for a fast fleet replenishment 
ship. Other studies at Yarrow include 
nuclear propelled surface warships for 
the Royal Navy and the feasibility of 
providing economic nuclear power 
for a large commercial tanker. At the 
present’ time, engineers from the 
Royal Canadian Navy and the Cana- 
dian Department of Transport are 
working at Y-ARD on nuclear pro- 
jects with particular emphasis on ice- 
breakers and mercantile vessels suit- 
able for operation in Arctic waters. 


works have 


Waiting for a decision 


Close contact has been maintained 
with the Marine Nuclear Propulsion 
Committee, generally referred to as 
the Galbraith Committee, for which 


Y-ARD have carried out feasibility 
studies. This work is being carried out 
on a continuing basis with the indivi- 
dual companies submitting additional 
data to Yarrows as their designs are 
developed. Already the GEC have 
submitted three supplementary | con- 
cepts which have been passed on to the 
Galbraith Committee and _ English 
Electric have been consulted on OMRs 
for marine purposes. 

To further this work, Y-ARD have 
completed the design of the conven- 
tional propelling machinery and asso- 
ciated control equipment which could 
be utilized in conjunction with any of 
the reactor proposals so far submitted 
to them. 

No decision has yet been announced 
on the type of reactor to be chosen 
for the first nuclear naval vessel, but 
Admiralty officials have expressed a 
preference for a purely British design. 
Despite the recent announcement by 
Mr. John Hay, Parliamentary Secre- 
tary, Ministry of Transport, that the 
AGR in sizes suitable for marine appli- 
cations would not be economical, 
Y-ARD’s directors are of the opinion 
that, with very limited modification, 
the Atomic Energy Authority’s AGR 
would prove suitable for the Navy. 


Facilities available 


Parallel with their nuclear work, 
Yarrow have developed dual steam 
and gas turbine propulsion units and 
this type of installation could be 
readily adapted for use with reactors. 
By employing such an arrangement, 
the difficulty of having to run the re- 
actor during maneouvring in port, 
when widely fluctuating loads are re- 


quired, would be overcome. 

Although the Ministry of Transport 
will be responsible for mercantile 
applications, Y-ARD will be engaged 
initially on this work. So that their 
works can be kept abreast of current 
requirements in the fabrication of 
components and assemblies, a wide 
range of subcontracting has been 
accepted for items to be installed in 
the power stations now under con- 
struction—these include the main 
coolant valves and ducting for Berke- 
ley. To support these activities, ‘clean’ 
conditions for large items have been 
established with full inspection facili- 
ties, including 400kV X-ray equip- 
ment for 100% radiographic examina- 
tion. 


Looking for clients 


Yarrow & Co. Ltd. are not the only 
shipbuilders anxious to start building 
a nuclear-propelled vessel. Mitchells, 
in conjunction with their associates, 
Fairfields, have developed their pro- 
posals very considerably over the past 
eighteen months. During this time 
they have continuously worked up 
their original proposals for the Gal- 
braith Committee so that today even 
hull design details have been com- 
pleted. 

As the Government has not yet in- 
dicated any practical programme in 
this field, Mitchells have looked over- 
seas for possible clients and already 
several enquiries have been received 
from European shipowners. To put 
their proposals on a firm commercial 
footing, Mitchells are now prepared 
to offer hull and machinery, includ- 
ing reactor, on a fixed price basis and 


The expanded facilities of Yarrow’s yard now include a new test house (on the 
left) and Y-ARD’s building (top right) 





















guarantee’ delivery within _ thirty 
months for units up to 20,000 s.h.p. 
in size. They expect that the initial 
vessels will be 50,000 dwt, will operate 
at a service speed of 16} knots and 


achieve 17} knots on = acceptance 
trials, 

American adaptation 

Members of another company, 


Hawker Siddeley Nuclear Power Co. 
Ltd.. in collaboration with naval 
architects, have directed their feasi 
bility studies to smaller commercial 
vessels that could be put into opera- 
tion within five or six years. On Octo- 
ber 7, Dr. E. C. B. Corlett, a naval 
architect, and E. P. Hawthorne of 
Hawker Siddeley, presented a paper. 
‘The prospects for a nuclear powered 
dry cargo liner with particular refer- 
ence to the organic moderated reac- 


PROGRESS IN INDUSTRY 


tor, to the Joint Panel on Nuclear 
Marine Propulsion at the Institute of 
Naval Architects. 

In this paper, proposals for a 25,000 
ton, partially refrigerated, cargo ves- 
sel, based on the US Mariner Class, 
such as would be suitable for the 
UK-Australia or New Zealand route 
were put forward. A 64MW omr, 
utilizing stainless steel clad UO. with 
1-6 to 1-8% initial enrichment, was 
recommended as the prime power 
source. In comparison with a similar- 
sized conventional vessel, it was esti- 
mated that annual operations would 
result in greater profits (£347,900 
against £317,600 for the conventional 
ship) although profit per cent on capi- 
tal (88% against 11-2%) capital 
cost/ton cargo (£60-7 against £53-5) 
and profit/ton cargo per annum (£5-3 
against £6-0) were all lower. 


Based on normal development y ‘o- 
babilities for the OMR, the operai ng 
costs were estimated to be redu ed 
subsequently in two stages. Initia ly, 
capital costs arising out of experie ce 
would come down and lower | iel 
costs would be obtained by impro: ed 
canning materials. The second st. ge 
would also benefit from reduced ca 9i- 
tal costs, assessed at 20°, and 1 tel 
costs would be cut by as much as 
40°, by using plutonium fuel. 


When ? 

With detailed designs completed o 
nearing completion, fabrication and 
associated inspection facilities being 
established, British nuclear enginecr- 
ing and shipbuilding companies are 
now approaching the time when the 
keel of the first British nuclear- 
powered ship could be laid. 


ar 


Heavy plate engineering 


new Rockweld welding technique 


ELIMINATION of plate edge pre- 
paration and ability to deal with 
thicknesses up to 8 in. are two of the 
advantages of the electro-slag_ tech- 
nique of welding for which Rock 
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weld’s Vertomatic machine has re- 
cently been introduced. This process 
is fundamentally different from sub 
merged arc automatic welding in that 
flame-cutting of the edges is adequate 
and even the heaviest thicknesses are 
joined in one single operation, reduc 
ing rod and energy consumption by 
as much as 35 

With a welding current of 500 
amps, 0-41b/min weld deposition can 
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be made with this electro-slag process, 
as compared with 0-26 lb/min with the 
submerged arc technique or a maxi- 
mum of 0-13 lb/min (at 400 amps) for 
manual electrode application. To pro- 


The cooled shoes 
carry probes con- 
trolling automatic 
vertical travel and 
flux feeding. The 
electrodes are fed 
through the three 
guides at a constant 
speed to suit the 
specific job. An 
auxiliary control is 
fitted for automatic 
rotation when work 
is mounted on 
motorized rolls 


vide uniformity of welds and _ stan- 
dard of operation, all movements are 
motorized and carried out automatic- 
ally. 

The Vertomatic machine, designed 
and built by Rockweld Ltd., has 
made these vertical welds in tests: 
1. Longitudinal welds of two half cyl- 
linders of 2in. plate with an internal 
diameter of 21} in. at a rate of 43 
inches per hour. 


2. T-welds of 2 in. plate to 2% in. plat 
at 314 inches per hour. 

3. Butt welds of 8 in. plates, at 274 
inches per hour. 

The machine consists essentially of 
a transportable frame on which is 
mounted the main vertical track. This 
carries a secondary horizontal track 
along which the wire racks, wire 
guides, cooled shoes and flux delivery 
unit are positioned. Welding current 
recorders, controls for up to three 
electrodes and motor switches are all 
centralized in one compact control 
unit. 

For heavy thicknesses of plate, the 
electrodes are given a horizontal tra 
versing motion during feeding into the 
joint. 

While the adaptation of this weld 
ing process calls for the conversion 
from the more usual horizontal to 
vertical welding, which must be con- 
sidered at the design stage and which 
may necessitate modifying the shop 
layout, the metallurgical properties of 
the finished joints are very good. 

Tests on 2 in. boiler plate in the as 
welded state give a tensile strength of 
34 tons/in*. Under Charpy notched bar 
tests for transverse testing with the 
notch parallel to the weld and facing 
the weld surface, results, in ft/lb, are 





TEMP LOCATION BACK CENTRE FRONT 
At 20°C (room 42 46 SO 
temperature) 
0°C 28 50 32 
20°C 15 44 14 
40°C 6 20 10 
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New Product Survey 


PLANT +: EQUIPMENT - INSTRUMENTS : MATERIALS 





PROCESSING ACCELERATORS 

lower radiation costs 
New developments in processing accel- 
erators by High Voltage include three 
new types of intense radiation sources, 
and more efficient techniques of electron 
beam utilization which will cover the 
entire range of industrial power require- 
ments from 10 to 1000 kilowatts. 

The most important is the insulated 
core transformer accelerator which util- 
izes a segmented magnetic core permit- 
ting large voltage buildups in the secon- 
dary windings of each segment without 
the requirement for high voltage insula- 
tion between winding and core. Each 
core segment, with associated windings 
and rectifier, is a compact d.c. power 
supply capable of delivering 30 kilovolts 
and 40 milliamperes of current. Voltage 
obtained by distributed 
series capacitance between core seg- 


addition is 


ments. The overall efficiency of power 
conversion is about 90 per cent. An elec- 
tron accelerator utilizing this principle 
has been constructed and is now under 
test at HVEC’s Burlington plant. 

Another electromagnet voltage genera- 
tor is the transmission line accelerator 
which is an inherently simple device for 
obtaining over 20 milliamperes average 
beam current in the power range of 10 
to 75 kilowatts, depending on energy 
range. The prototype is under construc- 
tion and power efficiency is expected to 
be over 80 per cent. 

The third type, the multiple disk 
accelerator is being constructed to de- 
liver 1S to 25 milliamperes at 1-5 MeV, 
25 to 100 kilowatts power range. 

Recent techniques of beam deflection 
or diffusion have permitted higher beam 
currents with less power absorption at 
the ‘window.’ A 30-inch line scanning 
beam has been successfully used with a 
1-S MeV Van de Graaff accelerator to 
provide uniform coverage of wide film. 
Tick No 208 on reply card 


CARTRIDGE CONDENSER 


greater efficiency, less space 


An extension to their range of graphite 
heat exchange equipment has been made 
by Powell Duffryn. This addition is a 
condensing unit for handling corrosive 
vapours and consists of a graphite ele- 
ment or cartridge enclosed in a cylindri- 
cal steel jacket with carbon inlet and 
outlet heads. 

!he new unit, available in eight sizes, 
offers advantages of resistance to acids, 
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alkalis, and solvents, high thermal con- 
ductivity and low pressure drop. They 
are of robust construction, light in 
weight and occupy considerably less 
space than is normal for equipment of 
equivalent performance. 

Tick No 209 on reply card 


SOURCE CONTAINERS 


industrial applications 


Two new containers have been intro- 
duced by Gammax for radiographic 
work. Weighing 12]lb and 37 1b, these 
are designed to hold sources commonly 
used industrially. The larger is _ for 
caesium-137, iridium-192 and up to 
200 me of cobalt-60, and conforms with 
the ‘model Code of Safety Regulations 





Safety is ensured by the positive remote 
control available for the two sizes of 
Gammax isotope containers 


(Ionizing Radiations)* issued by the In- 
ternational Labour Office. The smaller 
container is for thulium-137 and lower 
activities of iridium and is designed pri- 
marily for pipe line radiography. 

Both these containers consist of three 
parts, two hemispherical lead blocks 
and a pencil which is housed in the 
upper hemisphere and which contains 
the source. By moving the operating 
handle, the upper hemisphere is rotated 
through 90° to expose the inner source 
container. For open source radiography, 
the inner container can be removed by 
a handle. Remote control can be incor- 
porated and a built-in patent lock pre- 
vents unauthorized access to the source. 


Tick No 210 on reply card 


FAST CUTTER 


economy in operation 


A new tool has been added to Badde- 
ley’s range of welding and cutting equip- 
ment. Known as the Lightning Cutter, 
it is capable of cutting thicknesses from 
tin. to 14in. and a full range of one 
piece nozzles are available for general 
work, stepping, riveting and gouging. 


The cutter is suitable for high, medium 
and low pressure acetylene gases and by 
using the correct type of nozzles other 
fuel gases may be used. The gases are 
mixed in the cutter and so balanced 
that backfiring is eliminated. 

Tick No 211 on reply card 


STABLE POWER SUPPLY 


compact unit 
A supply unit where a compact, stabi- 
lized d.c. source is required such. as 
heater supplies in d.c. amplifiers and ex- 
citer lamps in photoelectric measuring 





The Allied Electronics power unit, 
LS353-H, operating with a nominal volt- 
age of 6:3 V, provides stability against 
mains voltage variation of = 10° 
instruments has been introduced by 
Allied Electronics. The basic unit, 
LS353-H, is a germanium junction recti- 
fier circuit with a transistor voltage 
stabilizer and a_ reference potential 
device. 

The circuit provides a high degree of 
stabilization against changes in input 
voltage, and a low ripple content: a pre- 
set control permits variation of the out- 
put voltage over a small range. Units 
are available either in chassis form 
4in. x 10} in. x 6s in., or in cases. 
Tick No 212 on reply card 


HIGH SPEED SCALER 

optimum resolving time 
Featuring both preset time and preset 
count, the new Tracerlab Compu/ Matic 
scaler is an ultra high-speed scaler de- 
signed for use with geiger, scintillation 
and proportional detectors. It can also 
be used with automatic data processing 
equipment. The instrument provides one 
microsecond resolving time, front panel 
discriminator, precision electronic timer 
and either a 5000 or 2500 volt stable high 
voltage power supply. 

The calibrated discriminator is con- 
tinuously adjustable from 50mV to two 
volts which allows for selection of the 
optimum sensitivity for the detector be- 
ing employed; and in the case of pro- 
portional and scintillation counting, pro- 
vides a measure of pulse height dis- 
crimination. By means of a rear switch, 
25 microsecond resolving time, which is 
the optimum for operating geiger de- 
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tectors without double pulsing, can be 
selected. 


Tick No 213 on reply card 


LOW-DRIFT D.C. AMPLIFIER 


suitable for multipacks 
Solartron’s AA 900 Wideband d.c. Ampli- 
fier has been designed for the distortion- 


free amplification of very low-level 





With a linearity better than 0°1% to 

2kc/s, a number of ‘Solartrons’ AA900 

amplifiers are already in use on research 
work in the US 


signals from transducer sources such as 
pressure pick-ups, thermocouples. or 
photocells. 

The AA 900 has a bandwidth of d.c. 
to 40kc/s (3db) and a low equivalent 
input drift of less than 2 microvolts over 
40 hours. Produced with integral mains 
power supply, six such amplifiers can 
be fitted into the standard 19-inch rack- 
ing module. 

The low figures of drift and noise 
achieved have been made possible by 
use of negative feedback techniques, in- 
cluding continuous ‘chopper’ correc- 
tion. Noise and ground loop problems 
are minimized by holding the common 
voltage rail above chassis, and the input 
above nominal earth. 

Tick No 214 on reply card 


COMMERCIAL TITANIUM 


wider applications 
Two new materials have been added 
to the range of ICI commercially pure 
titanium. The softest and most ductile 
material, ICI Titanium 115 has a maxi- 
mum tensile strength of 26 tons/in? with 
a minimum proof stress of 13 tons/in?; 
the strongest, ICI Titanium 160, has a 
tensile strength of 40-50 tons/in? with 
a minimum proof stress of 30 tons/in?. 
These will give more latitude to the 
fabricator of assemblies, such as vessel 
linings and pipework for chemical 
plant, in which ductility is a prime con- 
sideration, while improvements in for- 
mability of the harder grades will per- 
mit their use for more highly stressed 
components 
In addition, two alloys, Titanium 230 
and 679 are now available in normal 
commercial quantities. Titanium 230, for- 
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merly known as_ experimental alloy 
EX012, is a titanium copper alloy which 
has been developed for applications 
where medium strength at moderate tem- 
perature must be combined with good 
weldability and formability. 

Titanium 679, a_ high-temperature 
creep-resistant material, previously known 
as EX013A, is a complex titanium alloy 
containing tin, zirconium, aluminium, 
molybdenum and silicon. It has been de- 
veloped to withstand high stresses at 
temperatures above 400°C and shows re- 
markable resistance to creep in the range 
400—500°C. 

Tick No 215 on reply card 


PORTABLE DETECTOR 


multiple applications 


To detect plutonium at maximum per- 
missible body burden level or even less, 
Plessey Nucleonics have developed a 
mains or battery-operated portable de- 
tector, the PNI 1080. This instrument is 
essentially a detector of low energy 
gamma radiation. 

As well as being capable of detecting 
minute amounts of plutonium-239 in the 
human body, with slight modification 
and recalibration the instrument can 
also detect the presence of americium. 
Another modification enables uranium 
235 to be detected. 

The complete equipment consists of a 
detector probe connected by up to six 
feet of cable to an indicating unit 

The probe consists of a thin, thallium- 
activated, sodium  iodite scintillator 
mounted on the end of a multiplier 
photo tube. A chain of resistors is 
mounted on the inside of the probe in 
order to provide the correct potential on 
the dynodes and a cable matching net- 








Apart from its normal industrial and 


research applications, the Plessey 

Nucleonics PNI.1080 detector may be 

enclosed in a polythene container for 
use in hospitals 


work ensures optimum signal pulse 
transfer from the probe to the indicator 
unit 

The indicator unit consists of a pulse 
amplifier, a pre-set but adjustable single 
channel pulse amplitude analyser, a 
variable and stabilized E.H.T. supply for 
the photo tube, and a display system. 


All circuits in the indicator unit use 
transistors. 

Sensitivity of the instrument for d: ect 
plutonium radiation is 15 c/s per mi_ro- 
curie and about 0-2% of this figure for 
background radiation. Maximum er. 
missible body burden of pluton um 
located at one point gives about ive 
times the background count thro igh 
lcm of human tissue. 

Tick No 216 on reply card 


ALUMINIUM FURNACE 


melts and hoids 
An improved type of aluminium melt- 
ing and holding furnace is made by 
Hedins. The new furnace does away with 
the crucible, and element replacement 
can be carried out without loss in pro- 
duction. Heating is by means of silicon 
carbide rod type elements radiating down 
onto the metal. In operation, standard 
billets are fed into the melt section 
whence the molten metal runs down into 





The Hedin aluminium furnace can be 

used for melting and/or holding pur- 

poses at the rate of 5ib of metal per 
kWh 

the holding bath, where it is maintained 

at the required temperature. 

The standard range provides furnaces 
with a throughput of 125, 250, 500 and 
1000 1b aluminium per hour. The metal 
is thermostatically maintained at the cor- 
rect temperature to produce a metal of 
high purity and to reduce to the mini- 
mum metal losses through oxidization 
and volatilization. 

Tick No 217 on reply card 


MINIATURE SWITCH 


high temperature operation 
Designed for continuous. service in 
temperatures as high as 600°C Burgess 
have introduced their VH3 miniature 
microswitch which is suitable for use 
under radioactive conditions. 

It is made entirely of compatible 
materials; stainless steel for case and 
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meci.anism, Nimonic-90 for coil spring, 
aluminium oxide for base and operating 
plunger and platinum for contacts. 

The VH3 is a single pole, double 
throw microswitch which will make, 
break or changeover currents in the order 
of | amp at 250 volts a.c. or 30 volts 
d.c. Operating force is 16 0z. maximum 
and movement differential is 0-016 in. 
maximum. 

Tick No 218 on reply card 


rapid closure 
on gas ducts or large-sized 
ventilating systems, the Ventseal valve 
provides an efficient emergency sealing 
device. It can be closed manually from 


For use 


the MOT and 

Lloyd’s for marine applications, the 

Ventseal valve is now being incorpor- 
ated in chemical plants 


Already approved by 


the fully open position in three seconds. 
This type of valve is available in sizes 
from 10in. to 36in. diameter and _ is 
fitted with a resilient sealing ring which 
mates with a flange lip in the duct to 
provide total closure. Remote control 
Operation can be incorporated for single 
or groups of these valves. 

Tick No 219 on reply card 


LINEAR COUNT RATE METER 

X-ray applications 
instrument, N-730, has 
been designed for counting and monitor- 
ing duties in the nuclear research field, 
reactor water supply systems, and espe- 
cially for X-ray instrumentation as used 
in analytical chemistry and petroleum 
industry research laboratories and refin- 


This Hamner 


cries. Providing direct counting of pulses 
range of 10 to 50,000 c/s 
with nine intermediate linear ranges from 


it has a 
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The Hamner Linear count rate meter, 

N-730, has space so that a binary plug- 

in with a resolving time of less than 10 

microseconds can be included to extend 
the range to 100 kc 


0 to 5000. The decade scale of 10 with 
1 microsecond resolution extends the range 
one complete decade. It has an output 
for a standard 10 mV recorder. Output 
accuracy is +3 division on a 10mV 
recorder with a scale of 100 divisions. 
Tick No 220 on reply card 


LOW-FILTRATION X-RAY TUBE 

biological application 
A low-filtration X-ray tube has been 
developed by Miiller. This is a new dual- 
focus tube and shield, rated at 150 kV, 
with a beryllium window. 

The tube meets the requirements of 
the plastics, rubber and light alloys in- 
dustries where a very low filtration tube 
is required if the best results are to be 
obtained. It may also be used for the 
irradiation of biological specimens, as 
the X-ray output is considerably higher 
than that of conventional tubes of simi- 
lar ratings. It is claimed that, at the 
present time, this is the only 150 kV 
tube with a filtration of 3mm of beryl- 
lium available. 

So as to achieve a high irradiation in- 
tensity in biological work, the distance 
between X-ray port and focal spot has 
been kept as short as possible. A mini- 
mum distance of 70mm can be obtained 
between focal spot and the sample and 
by removing four screws and taking off 
the snap lock and baseplate, the focal 
spot can be brought to a minimum dis- 
tance of 33mm from the sample. 

Tick No 221 on reply card 


IN BRIEF 


To handle slurries. A new range, the 
type DO, of Monobloc centrifugal 
pumps have been introduced to handle 
viscous liquids and liquids containing 
small solids. Capacities of from 10 to 
360 gal/min and heads up to 86 ft, de- 
pending on capacity, are available. 

Tick No 222 on reply card 

Demineralized water. Where compara- 
tively small but readily available sup- 
plies of high quality demineralized water 
are required, mixed bed Deminrolit 


plants, drawing their supply from mains 
water, can now be used. 
Tick No 223 on reply card 


Miniature square meters for space saving 
on panels are now made by Baldwins. 
The range covered for d.c, is from 50 
micro-amps to 100amps and from 50 
millivolts to 300 volts or for a.c., the 
range is between 50 micro-amps to 20 
amps and from 5 volts to 300 volts. 
Tick No 224 on reply card 


Automatic weighing. For industrial use 
on hoppers, conveyors or loading plat- 
forms Elcontrol have developed an auto- 
matic system. The equipment uses one, 
two or three load cells connected to a 
remote relay which integrates the output 
from the cells. Units suitable for weigh- 
ing between 50 1b and 1000 tons are pro- 
vided. 

Tick No 225 on reply card 

Light source. A monochromator, using 
a plane grating as the dispersing ele- 
ment, has been introduced by Hilger & 
Watts for laboratories requiring a simple 
light source of variable wavelength, 
between 200 and 1000 mz. 

Tick No 226 on reply card 


Vibrating drive motors. Jointly made by 
English Electric and Grantham Electri- 
cal a range of completely self-contained 
units operating at 1500 rev/min synchro- 
nous speed and with an output of up to 
7500 Ib centrifugal force, or 10,000 1b at 
3000 rev/min, are now available. 

Tick No 227 on reply card 


Latched relay. Simmonds have _ intro- 
duced a new relay which by employing 
a remanent core, remains latched after 
being energized, until it receives a pulse 
in the opposite direction. It withstands 
considerable shock and vibration con- 
ditions. 

Tick No 228 on reply card 

Electronic components. Smith have de- 
veloped a comprehensive range of BNC 
connectors and adaptors, small a.c. 
motors, synchros, generators and gyros. 
Tick No 229 on reply card 

For small TV monitors. RCA have intro- 
duced a new rectangular glass monitor 
kinescope, RCA-8HP4, for small TV 
equipment. An external conductive coat- 
ing may be utilized to provide a sup- 
plementary filter capacitor. 

Tick No 230 on reply card 
Super-sulphated cement. Lafarge are 
now marketing the first British-made 
cement of this type. It is very resistant 
to sulphates, sea-water, oils, fats and 
dilute acids. 

Tick No 231 on reply card 

A new range of 
signs for 


Self luminous signs. 
Permluco light sources and 
emergency use in event of power failure 
are now available. 

Tick No 232 on reply card 
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INDUSTRIAL 
NEWSDESK 


Harwell’s new facility 


The new Neutron Project Laboratory at 
AERE, Harwell, was brought into oper- 
ation on November 5. The principal 
component of this experimental facility 
is a neutron time of flight spectrometer, 
basically a two stage intense neutron 
source. The first stage consists of a tra- 
velling wave linear accelerator, installed 
by Metropolitan Vickers Ltd., which pro- 
duces bursts of electrons that have been 
accelerated up to an energy of approxi- 
mately 30 MeV. 

mally 4 microsecond in duration, carry 


These bursts are nor- 


an electron current of between 0-3 and 
0-4 amp during the burst and occur at 


_ 


a rate of up to 750 pulses per second 
The electrons fall on a mercury target 
which serves the dual purpose of produc- 
ing X-rays and removing the heat caused 
by stopping the beam. 

In the second stage the X-rays are 
absorbed in uranium to produce neu- 
trons by photodisintegration and photo- 
fission. The sub-critical reactor used as 
a target was designed and built at AERE 
and uses highly enriched uranium as 
fuel. During the pulses the fissionable 
about 8 MW 
power, although due to the pulsed nature 
of the source, the mean power will neve 
rise above 2} kW. Extensive electronic 
apparatus has been installed to time the 
flight of the neutrons and speeds between 
500 m/s and 5,000,000 m/s will be re- 
corded with an accuracy of one-tenth of 


assembly is reacting at 


a microsecond. 

The containment building has been de- 
signed to permit the use of a large num- 
ber of beams of neutrons so that several 
experiments may be performed simul- 
taneously. Already twelve experiments 
have been laid out in the area surround- 
ing the building. Future plans include 
the construction of a longer flight tube 
300 metres in length. 

This equipment will be used under the 
supervision of the Nuclear Physics Divi- 
sion of AERE for research in nuclear 
physics and reactor physics and will en- 
able neutron cross-section measurements 
of much higher accuracy to be made 
than have previously been possible. 


ICI sell out 


Rio Tinto and Dow Chemie AG, the 
Swiss subsidiary of the Dow Chemical 
Company, have jointly acquired the share 
capital of Thorium Ltd. from Imperial 
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Chemical Industries Ltd. and Howards 
& Sons Ltd. and the management has 
been assumed by the Rio Tinto Manage- 
ment Services (UK) Ltd. 

Thorium Ltd., founded in 1914 and 
with works at Widnes, is the principal 
processer of crude thorium materials in 
the UK and besides meeting most home 
demands for thorium oxide and salts, is 
an exporter of materials. The 
majority of the output is of cerium com- 
pounds although a variety of rare earth 
compounds is also produced. 

This is not the first cooperative effort 
by Rio Tinto and Dow as they have 
been associated since the formation in 
1958 of Rio Tinto Dow Ltd. This Cana- 
dian company is producing crude thorium 
salts from the treatment of the barren 
liquors resulting from uranium extrac- 
tion at Rio Tinto’s Algom Quirke mine, 
Ontario. This Rio Tinto thorium plant 
which came into production in May 
1959, is the first of its kind in the world 
to employ a solvent extraction process 


these 


Giant probe carrier 


A remotely controlled instrument bridge, 
weighing nearly 27 tons, has been in- 
stailed at the AEC’s National Reactor 
Testing Station in Idaho and will be 
used shortly to accurately position radia- 
tion-measuring probes in two large fuel 
ponds. Built by the Nuclear Equipment 
Dept., Mechanical Division of General 
Mills, it will be employed by the Air- 
craft Nuclear Propulsion Dept. of GE 
under AEC and USAF contracts for test- 
ing and evaluating shielding materials 
for use in aircraft. 

Moving on 90 ft. precision rails with 
internal gear racks, the bridge will span 
two pools and a remotely controlled mast 
will operate in the 30 ft. deep water. In- 
strument standards have been used in the 
manufacture of the mechanical compo- 
nents and an automatic positioning sys- 
tem, incorporating an analogue-to-digital 
encoder, has been included in the mech- 
anism. The control system can be preset 








MONITORS FOR GERMANY. During 

initial acceptance tests of BSD equi 

ment for Karlsruhe at Plessey Nucle 

nics, the timing units were examined by 

(| to r) Mr. K. W. Cunningham of 

Plesseys, Herr Kraus and Dr. Saufferer, 
both of Kernreaktor GmbH 


to move the mast automatically to any 
position in either pool. 


Going to overseas markets 

Orders for five Wiggins dry seal gas- 
holders to be supplied to India have re- 
cently been received by member com 
panies with the Power-Gas Group. Four 
of these units are for the Indian Atomic 
Energy Establishment and will be manu- 
factured in India, special items only 
being supplied from the UK. 

To take advantage of the European 
Common Market a_ Belgian-American 
company, Auriema-Europe SA, has been 
formed in Brussels by Ad. Auriema Inc 
and Ets. N. Blomhof. This new organiz- 
will operate directly with US 
manufacturers. 


ation 


Continuing their plans to expand their 
European sales organization, Texas In- 
struments Ltd. have recently appointed 
distributors in Brussels, Darmstadt, Oslo 
and Turin. This brings the total of 
Texas’ centres for semiconductor devices 
in Western Europe up to eight. 

Looking to the time when a reactor 


RADIOGRAPHY 
AT HINKLEY 
POINT. Welds on 
the twelve Babcock 
& Wilcox boilers 
are inspected on 
site before erec- 
tion. For this pur- 
pose a 250kV 
mobile Marconi X- 
ray equipment is 
used 
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VERSATILE ACCELERATORS 
for fundamental or applied 


NEUTRON 
RESEARCH 


NEUTRON SOURCES now available from 
High Voltage Engineering Corporation 
range from compact, low-cost 
Van de Graaff positive-ion accelerators 
to large linear electron accelerators 
for energies up to 100 Mev and higher. 





PN-400 Van de Graaff — Lowest cost. 
Ideal for reactor engineering, nu- 
clear training courses, pulsing 
subcritical assemblies. 


Pulsed or continuous operation. 





KN Van de Graaff — Powerful and 
precise for broad research pro- 
grams including nuclear physics, 
advanced neutron work, biology, 
reactor engineering, and activa- 
tion analysis. 


Pulsed or continuous operation. 





LS Series Linear Accelerators — Electron energies of 6 Mev and 
above. Optimum neutron yield per 
kilowatt obtained above 30 Mev. 
Useful for nuclear physics, neutron- 


damage studies, time-of-flight re- 
search, high-energy radiography. 
High flux density suitable for iso- 
tope production. 











Particle Pulse : : 
Total Neutron-yield Pulsing and 
Model — ee Rates during Pulse Repetition Rates 
Other accelerators PN-400 0.4 0.10 10° n/sec + usec range 
rated for operation 1-10,000 pps 
at intermediate millimicrosecond 
= i KN 3 0.40 2X 10"? n/sec + to usec range; 
and higher outputs, 1-10,000 pps 
are also available. LS Series = r 0.01-10 psec 
Write High Voltage Example 40 330 10" n/sec 1-2500 pps 


Technical Sales Department 
for specific performance data 


+ T(d, n) He‘ reaction 
+ Be’ (d, n) B’® 


HIGH VOLTAGE SERVICING 
COMPANY LTD. 


60 Carpenters Wood Drive 
Chorley Wood, Herts. 
Telephone Field End 7431 


BURLINGTON, 
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* Photo-nuclear and 
photo-fission reactions. 


HIGH VOLTAGE ENGINEERING 


CORPORATION 
MASSACHUSETTS, U.S.A. 
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INDUSTRIAL NEWSDESK 


will be built in Eire, John Thompson 
Instrument Co. have appointed the Ac- 
curate Instrument Co. of Dublin as their 
Irish agents. They will doubtless have a 
‘watching brief’ for the other compan- 
ies in the John Thompson Group. 

Anticipating that the Euratom pro- 
gramme will lead to increased demands 
for American monitoring and nuclear in- 
strumentation, Mr. S. S. Auchincloss, 
President of Tracerlab, has made an ex- 
tensive tour of European cities. At the 
same time he spent a period in Amster- 
dam where manufacturing operations by 
Tracerlab’s European subsidiary are now 
getting under way. 


* . 
Large scale sintering 

Westinghouse Electric have developed a 
new process, known as continuous pow- 
der compaction, which makes it possible 
to construct large items from tungsten, 
molybdenum and other strong, high- 
temperature metals and alloys. Metal 


powders are compressed into large uni- 
form metal bars and following * baking’ 
in an oven, these are manipulated by 
standard metal-working procedures. This 


with many types of Geiger Miiller coun- 
ters, scintillation and proportional coun- 
ters with diameters up to 80mm. Lead 
shielding, 35mm _ thick, considerably 
lowers background radiation. 

Another Philips product now subject 
to a price reduction of some 15% is their 
valve voltmeter. 

Smiths Aviation Division has intro- 
duced considerable reduction for quantity 
orders covering a range of components. 
This covers synchros, servomotors, degree 
counters and micro-relays. Improved pro- 
duction methods have enabled reductions 
of between 10 and 50% to be made, 
depending on the number and type of 
unit ordered. 

Also due to streamlining production 
methods, British Central Electrical Co. 
Ltd. have made substantial reductions in 
the price of their Infini-Angle lighting 
units used for inspection and laboratory 
purposes. 


Expansion in Britain 

Hilger & Watts Ltd. have acquired the 
whole of the issued share capital of The 
Infra-Red Development Co. Ltd. The 





DEVELOPING BOILER EFFICIENCY IN SWEDEN. At the Sandvik Steel Works 
comprehensive research is being carried out by continuously testing alloy steels 
under high temperature conditions up to 700°C for between 10,000 and 25,000 hours 


‘technique is equally applicable to non- 
metallic ceramic powders. 

Until the introduction of this process, 
attempts to prepare large bars, strips or 
sheets from powders proved expensive, 
cumbersome and technically difficult to 
achieve. For these reasons, only small 
objects which could be pressed directly 
into their final exact shape had been 
previously made from powders on a com- 
mercial scale 


UK prices coming down 


Philips universal lead castle components 
have been reduced in price by almost 
50 These castles are suitable for use 
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technical and manufacturing resources of 
Hilger & Watts will be used to expedite 
development of gas analysers in the field 
of process control. 

Progress with the Gresham _ unit 
sequencing system, developed earlier this 
year, has been so rapid that a separate 
company, Gresham Automation Ltd., has 
been formed. Already the new organiz- 
ation is concerned with the automation 
of several chemical plants for the USSR. 

A new division has been set up by 
Research & Control Instruments Ltd. 
known as the Industrial Products Divi- 
sion. Henceforth it will be solely respon- 
sible for Philips industrial equipment 


which includes arc welding supplies, {il- 
tration equipment and high frequ: acy 
heating generators. 

Electro-Hydraulics Ltd., a compan”: in 
the Owen Organization, has taken c ver 
Scott Electric Vehicles Ltd. This will +n- 
able the Conveyancer range of mate ial 
handling equipment to be greatly °x- 
tended and it will now include electrc 1i- 
cally guided trucks. 

Lancashire Dynamo Electronic Fo- 
ducts Ltd. have introduced a planr.ed 
maintenance scheme for their clients’ in- 
stallations in the UK, Four visits per 
annum will be made to check perform- 
ances and ensure that the original stan- 
dard of operation is maintained. 


Electronic building bricks 


Mullard Equipment Ltd. recently held a 
five-day private exhibition in London to 
introduce their ranges of standard elec- 
tronic ‘ building .bricks’ for industrial 
control systems (see New Products Sur- 
vey, October). The interest shown in 
these components was reflected by the 
fact that some 1600 applications for tic- 
kets were received. Included in the exhi- 
bits was a tape punch drive unit which 
has been designed to drive a tape punch 
from the output of Mullard’s L.281 ana- 
logue to digital converter. A similar unit 
coordinating 80 temperature recording 
points is at present halfway through a six 
month trial at Dounreay where it is being 
used in conjunction with the DMTR. 


Large order from AEA 


EMI Electronics Ltd. have been awarded 
a contract for 43 hand and clothing 
monitors. Similar units have already been 
ordered by Germany, Belgium, Irsael 
and Australia. This type of unit is part 
of the Emirad range of nuclear health 
instruments and is capable of monitoring 
both hands simultaneously for alpha and 
beta contamination. This reduces the 
hand count to five seconds and at the 
same time the instrument can check two 
other person’s clothing and footwear. 

Visible and audible warnings operate 
immediately the maximum _ permissible 
level of contamination is exceeded and 
as an automatic compensation for back- 
ground radiation is incorporated, these 
monitors can be sited at the most con- 
venient location, regardless of nearby 
radioactive materials. 


US industry consolidates 


Over the past month several leading 
American companies have announced 
amalgamation plans. Aerojet-General 
Nucleonics have merged with the Turbo- 
Machinery Division of Aerojet-General 
Corp. As the Turbo-Machinery Division 
has developed turbines and pumps for 
operating under extreme conditions, this 
merger will greatly increase Aerojet’s 
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” ve Harwell top research scientists have freely acknowledged * that recent improvements in the 
s° in- operational efficiency of Zeta owe much to the introduction of a corrugated stainless steel 
} per liner inside the aluminium ‘torus’. Having decided to use such a liner, they turned to 
‘orm- Teddington engineers who, out of their experience in’adapting their bellows expansion joints 
—/ to various demands in a wide field of industry, produced exactly what was required for 
satisfactory running over long periods. 
* In a paper read before the I.E.E. on 29/30 April 1959 by Mr. J. T. D. Mitchell of the U.K.A.E.A., Harwell 
eld a 
yn to 
elec- In Zeta, experiments towards controlling fusion 
strial have resulted in gas temperatures of several 
Sur- million degrees centigrade being achieved for 
. i millisecond periods. View showing the torus. 
r the 
r tic- 
exhi- This stainless steel liner has improved opera- 
vhich tional characteristics and requires less main- 
unch tainance than the original aluminium liner 
ana- system. Here is part of the twelve welded 
ule sections of Teddington stainless steel bellows 
din tube of wall thickness 0-017’; it has 2} con- 
8 volutions per inch of a depth of 0-75”. The 
uiean bellows is 38 inch bore and the whole toroidal 
eine bellows assembly has an axial length of 37 
.. feet and an electrical resistance of 0-02 ohms. 
rded 
thing 
been 
rsael 
part 
ealth 
ring 
and 
the 
the 
two 
ar. SEND FOR HANDBOOK 
>rate R. 123 
sible Illustrated descriptions are 
and given of the many and 
ae varied problems that 
ack - Teddington Bellows Expan- 
hese sion Joints can overcome. 
- If you did not secure your 
— copy at the Engineering 
arby -Exhibition, please write 
for one. 
ding Teddington Bellows are produced in technical collaboration with the Solar Aircraft Co., U.S.A. 
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SNDUSTRIAL NEWSDESK 





capabilities to undertake the develop- 
ment of complete nuclear power systems 

Vitro Chemical Company, a subsidiary 
of Vitro Corporation of America, has 
been formed to consolidate operations 
in the US of Vitro Uranium Co., Heavy 
Minerals Co. and Vitro Rare Metals Co 


In brief 


Activities halted. The US Atomic Energy 
Commission has issued an order to 
X-ray Engineering Co. partially suspend- 
ing their licence to use radioisotopes in 





DUST SUPRESSION 
AT AEA’s SPRING- 
FIELDS WORKS. 
Pneumatic _engin- 
eering for cleaning 
and reclamation is 
used ona large scale 
and in the case of 
pressing pellets of 
uranium tetrafluor- 
ide and magnesium 
powder, complete 
removal of radioac- 
tive waste is 
handled by the BVC 
cyclone on the 
right 


industrial radiographic work. It is 
claimed that the company have not been 
using radiation survey 
site. 


instruments on 


Tests completed. Rocol Molytone 265 
Grease has withstood irradiations of 7 
10° rads without deterioration at Calder 
Hall and has been approved for charge 
machines lubrication. 


D.O know-how. The AEC have recently 
made available 39 additional reports 
covering the production of heavy water 


by the dual-temperature hydrogen sul- 
phide exchange process. 


Pace for Germany. The Deutsches | lek- 
tronen-Synchrotron, Desy at Hamburg. 
Bahrenfeld has ordered a Type -31R 
analogue computer from the Euro ean 
Division of Electronic Associates I: ¢. 
Lead the enduring metal. This is the title 
of a film recently made by the | ead 
Development Association. Consider ible 
part of it describes radiation shieldinz in 
nuclear establishments and hospitals 


New gamma standards. The US Naticnal 
Bureau of Standards have now naade 
available three new gamma-ray radio- 
activity standards, They are strontium- 
85, niobium-95 and mercury-203, wiiich 
can be obtained in approximately § 
grams of solution, sealed in glass am- 
poules. 


More lithium. Industrial sales of lithium 
are expected to increase by at least 20 
during the last quarter of 1959 and sub- 
stantial increases are also anticipated 
1960, states the Lithium Corporation of 
America. 


TV for Berkeley. AEI-John Thompson 
Ltd. have ordered two sets of reactor 
inspection television camera equipment 
from Pye Ltd. for use at Berkeley. 





LOOKING 
AHEAD 


TUESDAY 1—WEDNESDAY 2 DECEMBER 
Conference on the industrial uses of radio- 
isotopes, AEC, Detroit Nuclear Council and 
Engineering Society of Detroit. Applications 
to Greater Detroit Board of Commerce, 320 
West Lafayette St, Detroit 26, Michigan, 
USA 

Conference on Industrial Isotopes, Florida 
Nuclear Development Commission and US 
Atomic Energy Commission at Miami, 
Florida, USA 

WEDNESDAY 2 DECEMBER 

Annual General Meeting. The British Insti- 
tution of Radio Engineers 6.00 at London 
School of Hygiene and Tropical Medicine, 
Keppel St, Gower St, London, WC1 
THURSDAY 3 DECEMBER 

{in Introduction to Electronic Data Process- 
ing Dr. H. A. Thomas, DSc, MSc, MIEE, 
SMIRE, the Institution of Plant Engineers 
7.00 at The Royal Institution, 21 Albemarle 
St., London, WI. Application for tickets to 
l . Leworthy, Esq., Chairman London 
Branch Papers Committee, The Institution of 
Plant Engineers, 2 Grosvenor Gdns., Lon- 
don, SW 

THURSDAY 3—SATURDAY 5 DECEMBER 
Meeting of the Division of Plasma Physics 
American Physical Society at Monterey, Cali- 
fornia, USA 

FRIDAY 4 DECEMBER 

Nuclear Magnetic Resonance (Discussion) 
Institution of Electrical Engineers 6.00 at 
Savoy Place, London, WC2 

Remote Supervisory Control and Plant Moni- 
toring L. S. James, the Society of Instru- 
ment Technology 5.30 at the Administra- 
tion Building, Esso Refinery, Fawley 
MONDAY 7 DECEMBER 

Electro-Magnetic Flow Meters L. M. Ben- 
net. The Society of Instrument Technology, 
7.00 at The University, St. George's Sq 
Sheffield, 1 
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TUESDAY 8 DECEMBER 
Instrumentation of the Dounreay Reactor 
K. R. Sandiford, BSc, the Society of Instru- 
ment Technology 6.45 at the Manchester 
Room, Central Library, St. Peter’s Sq., 
Manchester, | 
Generation of Electrical Power from Nuclear 
Sources W. G. Busbridge of AERE, Insti- 
tution of Plant Engineers 7.15 at the Engin- 
eers’ Club, Albert Sq., Manchester 
THURSDAY 10 DECEMBER 
The Simulation of Nuclear Reactors and 
Power Plants W. J. G. Cox and J. Dowsing. 
British Institution of Radio Engineers 6.30 
at the London School of Hygiene and Tropi- 
cal Medicine, Keppel St., London, WC1 
FRIDAY 11 DECEMBER 
Radioactive Isotopes in Industry W. G. 
Busbridge. The Society of Instrument Tech- 
nology, 7.00 at the Lecture Theatre of the 
Byng Kendrick Suite of the Gosta Green 
College of Technology, Aston St., Birming- 
ham 
TUESDAY 15 DECEMBER 
Data Handling Problems in Atomic Instal- 
lations (Discussion) Institution of Electrical 
Engineers 5.30 at Savoy Place, London, 
WC2 
Magnetic Recording Techniques Half-day 
Symposium The British Institution of Radio 
Engineers 3.00 London School of Hygiene 
= on Medicine, Keppel St., London, 
( 


Some Aspects of Marine Reactor Securit 
K. Maddocks, BSc, Joint Panel on Nuclear 
Marine Propulsion 5.30 at the Institute of 
Marine Engineers.  nomortal Bldg., 76 Mark 
Lane, London, EC3 

WEDNESDAY 30 DECEMBER 

Energy from the Atom Prof. C. F. Powell, 
MA, PhD, ScD, FRS, Institute of Marine 
Engineers 7.00 at the Birmingham and 
Midland Institute, Paradise St., Birmingham 


1960 

MONDAY 4 JANUARY—FRIDAY 29 APRII 

No. 20 Harwell Reactor Course. Applica- 
tions to the Principal, Reactor School, 


AERE, Harwell, Didcot, Berks 

TUESDAY 5—THURSDAY 7 JANUARY 

Recent Mechanical Engineering Develop- 
ments in Automatic Control (Symposium) 
The Institution of Mechanical Engineers, 
applications to the Secretary, | Birdcage 
Walk, Westminster, London, SW 
WEDNESDAY 6 JANUARY , 
Non-destructive Testing E. McCabe, Inst- 
tition of Electrical Engineers, Southern 
Centre, 6.30 at CEEB Offices, Portsmouth 
MONDAY 11—SUNDAY 24 JANUARY 

Effects of Atomic Radiation. Scientific Com- 
mittee of the General Assembly at UN 
Headquarters, New York, USA 


LOOKING FURTHER AHEAD 
WEDNESDAY 2 MARCH 

The Role of Formal Education and Train- 
ing in Nuclear Power Developments (Dis 
cussion) The Institution of Mechanical 
Engineers 6.00 at 1 Birdcage Walk, West- 
minster, London, SWI 

SUNDAY 3—FRIDAY 8 APRII 

Sixth Nuclear Congress, Nuclear Engineer- 
ing Conference, International Atomic Exhi- 
bition and Eighth Atomic Energy in Indus- 
try Conference at New York, USA 
TUESDAY 5—SATURDAY 9 APRIL 

Ninth Electrical Engineers’ Exhibition at 
Earls Court, London, SW5 

WEDNESDAY 6—SATURDAY 9 APRII 
International Mineral Processing Congress 
and Exhibition at Church House. Westmin- 
ster, London, SWI 

TUESDAY 19—FRIDAY 22 APRII 

International Symposium on the Metallurgy 
of Plutonium. Session on Nuclear Fuels 
Société Francaise de Métallurgie and French 
Atomic Energy Commission at Grenoble, 
France 

FRIDAY 29—SATURDAY 30 APRII 

Convention on Thermonuclear Processes. 
The Institution of Electrical Engineers at 
Savoy Place, London, WC2 
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RECRYSTALLISED ALUMINA 99-7% 
STABILISED ZIRCONIA 97% 
PURE MAGNESIA 98-5% 
IMPERVIOUS THORIA 99:9% 
THORIA 99-9% 
At Neston we make high-temperature, high-purity 
refractories, in such materials as Thoria 


and Magnesia, which cannot 


be matched by refractories made 





anywhere else in the world. 

Collectively these with other very pure 
Recrystallised Alumina and Zirconia refractories 
are known as Purox. 

Newly developed techniques allow us to 
make these refractories in sizes, 

and with an intricacy of form, that 
would have been impossible 

even a year or two ago. So when 

a job demands a refractory 

that seems unobtainable you may 


find what you need at... 





MORGAN 


y, » Pad a-Weok kel dim mae 


MORGAN REFRACTORIES LIMITED 
NESTON, WIRRAL, CHESHIRE 
NE 153/A TELEPHONE : NESTON 1406 
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They said e ee In Canada this month 


points from papers, speeches, conferences 





Conflict over Canadian plans 

A controversy was sparked off by Mr. 
Winnett Boyd, President of Winnett 
Boyd., Ltd., recently, when he seriously 
criticized the policy of Atomic Energy 
of Canada Ltd. in an address to the 
Ottawa branch of the Engineering Insti- 
tute of Canada. 

Advocating a careful reappraisal, Mr. 
Boyd said that Canada’s problem was to 
choose the reactor type best suited to 
her particular needs and likened the cost 
of making a mistake to that which 
occurred when the Ontario Hydro had 
to spend six hundred million dollars in 
converting part of its system from 25 
to 60 cycle electricity supply. Develop- 
ing this idea he went on to say that 
immense sums will be wasted if power 
stations are built which cater more to the 
desires of the scientists than to the eco- 
nomic facts of life. ‘It is my contention 
that Canada’s present nuclear pro- 
gramme is leading us in this direction. 
By concentrating her efforts on a heavy 
water reactor, which has good nuclear 
characteristics, it may be that Canada is 
going to conduct a very expensive but 
interesting experiment rather than build 
a practical power plant.’ 

Canada, Boyd said, became involved 
with heavy water because while the 
English liked it, they did not have any 
and due to the war conditions thought 
it expedient to transplant the UK work 
on heavy water, along with the majority 
of its personnel to Canada. Thus at the 
end of the war, he remarked, we had 
the Americans using graphite moderated 
reactors to produce bomb plutonium and 
the UK and Canada working on the de- 
velopment of a heavy water reactor. 


CANDU costs wrong ? 


Nationalism should be avoided, Mr. 
Boyd went on to say, and the best type 
of reactor for power generation should 
be made on objective scientific and en- 
gineering grounds rather than because 
more technical experience has been had 
with one type of reactor than with the 
others. He thought that it was significant 
that in the US, in spite of having the 
only heavy water production plant in 
the free world, heavy water reactors 
were almost completely absent from the 
serious development programmes under 
the direction of the US Atomic Energy 
Commission. 

He levelled criticism against the pump- 
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ing systems and associated safety arrange- 
ments necessary when using heavy water 
and seriously doubted whether the capi- 
tal and fuel costs for a CANDU power 
station would result in power costs com- 
petitive with those of coal fired plants 
in Southern Ontario. He based this 
opinion on the fact that recent American 
estimates for similar equipment were con- 
siderably higher and that the fuel fabri- 
cation charges are in the order of twice 
those predicted for the CANDU fuel 
elements. 


Suggested changes 

After reviewing possible future general 
lines of development for all types of 
applications—Ppwrs for marine use; BWRS 
and ocprs for small and medium land 





Like the UK, Canada is pretty firmly 
wedded to a one-type reactor pro- 
gramme, but a recent contender against 
the heavy water concept is the Daniels- 
Boyd high-temperature gas-cooled reac- 
tor. Its designer, Winnett Boyd, and the 
champion of the official view, J. L. Gray, 
recently agreed their cases in public 
speeches. 





stations—Mr. Boyd said ‘for very large 
base load central power stations, with 
the ability to handle short, sharp peaks, 
I predict that the high temperature, gas- 
cooled, ceramic-fuelled, graphite-moder- 
ated nuclear steam generator, combined 
with appropriate steam accumulators, will 
eventually become the dominant type.’ 
He suggested that Canada should seek to 
coordinate her entire nuclear programme 
with that of the UK. A possible way in 
which this cooperation could work was 
to establish an enrichment plant to meet 
both Canada’s and the UK’s possible 
future needs. 

After reiterating his doubts as to the 
feasibility of the CANDU type of re- 
actor and praising his own design, Mr. 
Boyd said ‘as scientists and engineers 
we produce many ideas. As human 
beings we then become to some extent 
emotionally attached to our brain-chil- 
dren. So enamoured with them do we 
become that we frequently completely 
lose our sense of perspective. We will 
then sometimes fight fiercely and even 
recklessly for them . . . but when we get 
caught up in a situation which allows 
no escape without loss of prestige, the 
result can be tragic.’ In his closing re- 
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marks, Boyd recommended that be’ ore 
it was too late, the Canadian Govern. 
ment should appoint an impartial inv: sti- 
gating committee, and to prevent iny 
undue bias, it would possibly be be ter 
if non-Canadians were employed for his 
difficult task. 


Elegant but dangerous 

Mr. Boyd’s speech provoked a visor- 
ous reaction from Mr, J. L. Gray. In a 
public reply, the president of Atomic !'n- 
ergy of Canada strongly defended his 
company’s present policy. Before answer- 
ing the detailed points he said that he and 
his technical staff had looked at the de- 
sign Mr. Boyd was trying to sell and while 
admitting that it incorporated ‘ some ele- 
gant and intriguing design concepis’ 
there were some very formidable deve- 
lopment problems; also some hazard con- 
siderations which alone could make the 
design unacceptable. He went on to say, 
‘if Canada were to embark on the high 
temperature, gas cooled route similar to 
this particular design proposal (Mr. 
Boyd’s), we would not be building a 
power reactor until the late 1960’s.’ 

Referring to Mr. Boyd’s implications 
that the UK had originally been heavy 
water-minded but had changed to gas- 
cooled projects, Mr. Gray said this was 
not correct and that ‘the UK started on 
the gas-graphite system following the 
war because it was the only route open. 

. They have successfully developed 
this system to the point where they are 
building large nuclear stations on a com- 
mercial basis. They have not turned to 
considering other types until just re- 
cently because they have enough experi- 
ence and sagacity to realize that it is a 
very expensive and costly procedure to 
embark on a completely new route. . 
The UK have been studying large heavy 
water moderated power reactor systems 
for the last year or so (see UKAEA 
Annual Review, Worldview, August) and 
will be deciding shortly as to whether or 
not they will set up a full-scale project 
in this field.’ 

Refuting Boyd’s suggestions that the 
UK and US were not supporting the 
Canadian heavy water reactor pro- 
gramme, Mr. Gray said that such an 
idea was an outright admission of ignor- 
ance. In fact, both Governments have 
openly declared that they agree with 
Canada’s programme and that it should 
not be changed unless she were in a 
position to double the effort. 


What of the future ? 

Mr. Gray also expressed general 
agreement with the suggested types of 
reactors for marine and small or medium 
sized power plants but he doubted very 
much that a nuclear power plant would, 
in the immediate future at least, be used 
for ‘short, sharp peaks’ whether it was 
built to Mr. Boyd’s designs or not. 
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y are another problem solved with UNISTRUT 
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ed to 
t re- Insulated enclosure for machin- three sides with Perspex, on the and wide component range assist 


peri ing 7GeV synchrotron core fourt h with Menotex sheeting, and planning and reduce on-site time and 
t isa An unusual temperature control roofed with Asbestolux. cost. For further information on its 


re problem was encountered by Messrs. No interference with production — - pipe suppers, electrical trunk- 
tae Joseph Sankey Ltd. in the machining The framework itself was rapidly eapenaiccagi rhino te nk aninees 
pied of 386 sectors, each accurate to within assembled using standard Unistrut ; ity : 
AEA | Halfofone degree, which will form the channels and self-locating nuts; the 
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er or electro-magnet. When assembled, this ard sized sheets with little or no 
oject will measure 160 ft. across, yet the cutting, thus conserving material and 
throat faces must be parallel to reducing on-site labour costs. The 
the within .004 inches. entire installation apart from the 
rg 9.700 sq. ft. Unistrut enclosure wage was completed in one week- 
r end, avoiding production hold-ups. 


an To ensure dimensional stability, ‘ ; 
5 ; As the enclosure will be required in 
pnor- machining takes place in an insulated : 
its present form for only twelve 


have booth where the temperature has a iio ( es 
with Se aha 1 a months, Unistrut’s facility for layout 
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alternatively, the structure can be 
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high Unistrut doors for introduction : : 
freed for other use. 


and removal of the 20-ton sectors, 

the booth consists of a Unistrut Wide range of applications 
framework, incorporating a 27 ft. ‘Space division’ is only one field in 
truss also of Unistrut: it is clad on which Unistrut’srapid, rigid assembly 
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Unistret Division of Sankey-Sheldon Ltd. A member of the Guest, Keen & Nettlefolds Group of Companies 
43-45 Broadwater Road, Welwyn Garden City, Herts. Telephone: Welwyn Garden City 6321 (4 lines) 
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NAMES 


IN THE 


NEWS 


Mr. R. M. McKinney, a New Mexico 
newspaper publisher has been appointed 
to make a study of the United States 
international atomic energy programmes 
Although neither a scientist nor a poli- 
tician McKinney probably knows more 
about atomic energy in the United States 


R. M. McKINNEY 


will study US pro- 
grammes 





than any other man. In 1956 he headed 
the committee which presented the fam- 
ous ‘ The Impact of Atomic Energy’ re- 
port to Congress and in 1957 was 
appointed United States representative 
on the board of the International Atomic 
Energy Agency he resigned in 1958 
The CEGB have named Mr. C, W. A. 
Priest as chief design and construction 
engineer in succession to Mr. E. S, Booth 
who has been appointed a_ full-time 
member of the Board. 

Mr. B. D. Baines, Hawker Siddeley’s 
senior applications engineer, has been 
made technical sales manager 

Dr. Erich Pohland of the German 
Federal Ministry for Atomic Energy has 
been appointed general manager of Euro- 
chemic (European Company for the 
Chemical Processing of Irradiated Fuels). 
Dr. R. Rometsch has been made research 
director 


CATALOGUES 
AND 
BULLETINS 


Chemical catalogue, Now available Grif- 
fin & George’s 1959 laboratory chemical 
price list includes reagents for water 
analysis and other specialized items 
Tick No 254 on reply card 

Tin. The summer number of ‘Tin and 
its Uses’ published by The Tin Research 
Institute contains an article on modify- 
ing the structure of cast-iron by additions 
of tin. It is suggested that the addition 
of tin to cast-iron leads to better wear- 
resistance and good machineability. 
Tick No 255 on reply card 


136 


Mr. R. C. McCormick has joined Airtech 
Ltd. as chief electronics engineer. He 
was previously at Mullard’s 
Laboratories. 


Research 


To supervise the standard of their in- 
struments Solartron Electronics have 
created the post of reliability engineer. 
First holder of the position will be 
Mr. A. Cockle. 

Mr. J. M. Wild, a leading American 
space-age engineer, is joining General 
Atomics as director of Project Orion in- 
volving the use of nuclear propulsion 
for space vehicles. 

With the appointment of Lord Hailsham 
as Minister for Science the Atomic 
Energy Office and Lord President's 
office will be combined. Mr. F. F. 
Turnbull will be in charge of the new 
office. 

Mr. M. J. S. Clapham is to be chairman 
of ICI Metals Division from Ist Janu- 
ary 1960. He succeeds the well-known 
metallurgist Dr. M. Cook who is retiring 


r 
’ 
. 


M. J. S. CLAPHAM 


to be ICI Metals 
chairman 





Mr. C. W. V. Davis, a director of Re- 
and Control Instruments Ltd 
heads the new Industrial Products Divi- 
sion which will distribute, for Philips 
Electrical, arc welding supplies, filtration 
equipment and high frequency generators. 


search 


Mr. H. B. Dreyfus has been appointed 
system design and development engineer 
to the CEGB. 

Uddeholm Ltd. have promoted Mr. 
A. G. Shaw, formerly senior Midland 
area representative to be area manager. 


Authority annual report, ‘Atom 1959° 
is an illustrated summary of the 
UKAEA’s report for 1958-9. 
Copies may be had from Government 
bookshops, price 2s. 

Tick No 256 on reply card 

Computers, Booklet from Power Systems 
Computors Ltd. describes a small Black- 
burn analyser, large-scale transformer 
analogue (Blackburn) a.c. network ana- 
lyser and a universal d.c. network ana- 
lyser. 

Tick No 257 on reply card 

Fibre filters, Technical articles and sec- 
tional diagrams are included in Man- 
cuna’s folder dealing with their new 
Mistex and Fumex fibre filters (see 
NUCLEAR POWER October). 

Tick No 258 on reply card 
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Mr. E. A. Smith has been elected tc the 
board of Acheson Colloids Ltd., he was 
previously executive manager, Ach son 
Industries (Europe) Ltd. 


E. A. SMITH 
for Acheson Colloids 
board 





Mr. Airey Neave, M.P. for Abing: on. 
has joined the board of John Thompson 
Ltd. 


GEC Ltd. have announced three new 
appointments to the board. Mr. O. W. 
Humphreys who is director of the com- 
pany’s laboratories at Wembley will be 
director for research and technical de- 
velopment, Mr. T. B. O. Kerr becomes 
director for finance and administration 


Oo. W. HUMPHREYS 


now GEC research 
director 





and Mr. W. J. Bird director for sales 
and marketing development. 





OBITUARY 


H. S. Vance, United States AEC Com- 
missioner, died on August 31. He was 69 
and was in his fifth year of service on 
the AEC. 


Reciprocating pump. Vol. 6 No. 24 ol 
Tangye’s ‘One and all’ includes a de- 
tailed description of a new high-pres- 
sure reciprocating pump. This covers a 
wider range of outputs and pressures 
than was previously possible and has 
been completely streamlined. 

Tick No 259 on reply card 

Variable speed motors, Laurence, Scott 
& Electromotors’ engineering bulletin 
for September has a comprehensive 
article on recent developments in the 
field of N-S motors. 

Tick No 260 on reply card 

Instrument cases. Kimberley Engineering 
who make cases for the electronic indus 
try have issued leaflet and standard price 
list. 

Tick No 261 on reply card 
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Eicares alumina ceramics? 


These qualities have led to the use of SINTOX ceramics in many 
branches of engineering. 





LATINA NUCLEAR POWER STATION has been developed. In addition to its other attractive features, 


Scott 
ulletin 
ensive 
n the 


Following its successful application in the nuclear 
power stations at Bradwell, Berkeley, Hunterston and 


Hinkley Point, SINTOX is now being incorporated in : . : 4 : : 
the design for the Latina Nuclear Power Station. is particularly suitable for insulating parts in control gear and 


For the nuclear engineer a new grade of SINTOX—known as FF1i— 









nuclear SINTOX has a low cross-section capture combined with 
compatibility with most materials used in reactor design. It is 
versatile in the production of a wide range of shapes and sizes and 





mechanical support members. White in colour, this new ceramic 
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has already taken a leading place in the design and development of 
components for nuclear reactors. 


For full information write to the 
SINTOX TECHNICAL ADVISORY SERVICE, LODGE PLUGS LIMITED, RUGBY. 
@ 





Book Reviews 





Soviet reactors ... 


Physics and Heat Technology of Reactors 
Supplement No. 1, Soviet Journal of 
Atomic Energy, 1958 Translated from the 
Russian by Consultants Bureau Inc. 1959 
Chapman & Hall 174 pp Price 168s. 

This collection of papers can be divided 
into two sections, one dealing with topics 
in reactor physics and the other with 
some heat transfer problems arising in 
the design of reactors 

Five papers of the physics section deal 
with neutron diffusion theory calcula- 
tions. The first two, by G. I. Marchuk, 
discuss multigroup methods in nuclear 
reactor calculations and the solution of 
finite difference 
similar “to those 
already discussed in the literature. How- 
ever, the articles are of interest as there 
is a complete discussion of the validity 
of various interpolation schemes used 
for obtaining constants for multigroup 
equations from the slowing down equa- 
tion. The other three papers deal with 
the relation between critical mass and 
volume in homogeneous assemblies for 
different fissionable 
material, including assemblies with light 
hydrogen as moderator and approximate 
methods of calculation of neutron diffu- 
sion in hydrogeneous and non-hydrogen- 
ous media. The error resulting from the 
use of age theory in the analysis of neu- 
tron slowing down is discussed. 

Among a number of papers on ex- 
perimental physics, an interesting one 
deals with the use of the pulse method 
to study slowing down in graphite. The 
approach to equilibrium of neutrons 
slowed down in graphite and the various 
techniques for measuring neutron tem- 
perature are discussed. A second paper 
deals with mass-spectrometer determina- 
tion of the yields of various isotopes in 
_U-233 fission. A measurement of the 
Xe-135 (n,y) Xe-136 reaction cross-sec- 
tion for the neutron spectrum in the re- 
actor of the Russian Atomic Power Sta- 
tion is reported in a paper by E. F. 
Makarov and Z. D. Samoilova. 

Other papers deal with a variety of 
subjects such as the spectrum of scat- 
tered gamma radiation after transmission 
through a lead shield, the application of 
low delay thermocouples for measuring 
high neutron flux in nuclear reactors and 
the experimental determination of the 
maximum permissible flux of thermal 
neutrons. 


these equations by 


methods; these are 


concentrations of 


A group of papers on heat transfer 
problems includes an analysis of opti- 
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mum thermodynamic cycles at atomic 
power stations, one of the few published 
papers on this subject. Others deal with 
features of the thermal cycle in hetero- 
geneous boiling water reactors and the 
design of fuel elements. 
The translation is generally good, 
although the meaning of some trans- 

lated terms is a little confusing. 
J. H. Tait 


. +» gamma spectra 


Atlas of Gamma-ray Spectra from Radia- 
tive Capture of Thermal Neutrons by 
L. V. Groshev, V. N. Lutsenko, A. M. 
Demidov and V. |. Pelekhov. Translated 
by J. B. Sykes London 1959: Pergamon 
Press 198 pp. Price £7 

The ultimate fate of most slow neutrons 
in a reactor is to be captured, the result- 
ing excited nucleus then radiating the 
excess energy in the form of gamma- 
radiation. The nature of this radiation is 
thus of great interest in the design of 
shielding as well as in other aspects of 
reactor physics. This book is a compila- 
tion of our present knowledge of cap- 
ture gamma-rays up to January 1958. 
The first detailed work in this field was 
by Kinsey and Bartholomew in Canada. 
different spectrometer Dr. 
Groshev and his collaborators have made 
a monumental contribution to the field. 
Therefore a large part of this compila- 
tion represents their own data, some of 
it not otherwise published. The observed 
spectra are reproduced as well as tables 
of lines and level diagrams. This rather 
expensive book is well produced and, 
as well as being a demonstration of an 
elegant and difficult technique, can be a 
useful handbook for some aspects of 
reactor design. 


Using a 


E. B. Paul 


. . . fusion research 


Plasma Physics and the Problem of Con- 
trolled Thermonuclear Reactions Vol |II 
Edited by A. Leontovich 1959 Translated 
by J. B. Sykes Pergamon Press 422 pp 
Price £8 

The world-wide declassification of ther- 
monuclear research in 1958 resulted in 
the publication of a wealth of ideas and 
results which had accumulated during 
the previous decade. The USSR Academy 
of Sciences published a collection of 
papers in four volumes; volume III has 
now been translated into English. It con- 
sists of 26 papers dating back to 1951, 
most of which are concerned with theore- 
tical aspects of plasma containment and 
radiation. The experimental papers in- 
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clude a full account of the plasma-ri g 
experiments of Osovets, and a descripti. n 
of a piezoelectric device for the measu 
ment of plasma pressures. 

Specialists in the field of control] 
thermonuclear research will find t 
volume interesting and valuable, pai 
cularly for detailed accounts of some 
the Russian work necessarily briefly 
ported at the 1958 Geneva Conference 
will not, however, have a great appe 
for the general reader. 


y 


It is unusual to find so expensive 
book reproduced directly from ty; 
script; this is presumably justified on the 
grounds of speed of production. T 
standard of translation, as we have con 
to expect of Dr. Sykes, is impeccable. 

P. A. Davenport 


7) 


CG 


French reactor materials 


Technologie des Réacteurs Nucléaires Voi | 
Matériaux by P. Ageron, A. Bonaldi, N. 
Gauzit and T. Reis Paris 1959: Eyrolles 
and Gauthier-Villars 570 pp Price Frs7120 
Published in French, this is the first of 
five volumes which are designed to form 
a comprehensive reference work on the 
technological, theoretical, and economic 
aspects of nuclear engineering. The pre- 
sent volume, sub-titled * Materials,’ sets 
out to furnish information on the pro- 
duction, properties, and applications of 
nearly every substance which has been 
used, or proposed, for the production of 
nuclear plant. This data has been sup- 
ported by a copious bibliography, and 
prefaced by two very good chapters in 
which basic nuclear effects and reactor 
theory are simply described. 

It is not surprising, in view of the enor- 
mous field which the four authors have 
attempted to cover, that there is con- 
siderable variability in the thoroughness 
with which different subjects have been 
treated. Much attention has rightly been 
paid to the sections devoted to fissionable 
and fertile materials, and to reflectors 
and moderators; but it is to be regretted 
that little detailed information has been 
presented on several metals and alloys 
of importance in practical reactor con- 
struction. Approximately equal fractions 
of the book have been allocated to two 
groups of materials of greatly differing 
current importance: one chapter des- 
cribes a great number of possible, but 
mostly highly improbable, liquid metal 
coolants, while the final chapter is unable 
adequately to describe several of the 
most widely-used fuel-elements canning 
and general structural materials. 

With these reservations, it is still 
apparent that the book will be valuable 
to many classes of reader, and it could 
well become a standard textbook for 
students taking specialized 
nuclear technology. 
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Then write for 
this booklet 


It is one of a series giving 
information on the behaviour of 
nickel and Monel, Corronel 210, 
N1-o-nel and Inconel corrosion- 
resisting alloys when in 


contact with many different 





corrosive media. The results of 
research and practical 
experience in both Europe and 
America are reported, and many 
examples are shown of these 


materials in use in chemical plant. 

























i i 
r SEND THIS COUPON . 
1 for a copy of WIGGIN 7 
- NICKEL ALLOYS V. FLUORINE i 
i AND FLUORINE COMPOUNDS : 
i a 
UJ * 
- NAME... * COMPANY : 
t i 
I ADDRESS ' 
- 7 
H APPOINTMENT OR DEPARTMENT : 
: NP é 

a 
i ee a me a es a a a a a a a 


Wiggin publications help in the choice of suitable materials. Our corrosion engineers have 
accumulated data on the performance of metals and alloys in most of the corrosive environments 
met in industry. Advice and information are freely given. 


‘Monel’, ‘Corronel’, ‘Ni-o-nel’ and ‘Inconel’ are Registered Trade Marks. 


> 
N 


HENRY WIGGIN & COMPANY LIMITED -: WIGGIN STREET : BIRMINGHAM 16 .'=6=.. 


tcalcioe 
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i 
Fabricated \ 


>S Platework speciticatiyn 





We specialise in welded or riveted fabri- 
cations in Mild Steel, Stainless Steel and 
Aluminium Alloys and pride ourselves on 
the attention paid to constructional details 
which ensure trouble-free service for the 
finished product. 


A typical example of our craftsmanship is 
the fabrication of Ducts of rectangular de- 
sign for Power Stations or Boiler Houses. 
They are accurately fabricated to suit your 
requirements. 


Our “‘ FABRICATED PLATEWORK ” Brochure fully describes 
our Service and is available on application. 





W. G. ALLEN & SONS (TIPTON) LTD. 
P.O. BOX 4 - TIPTON : STAFFS 
Tel: TIPTON 1266 


Typical examples of Allen’s Fabrication Service: Luw Pressure Welded Piping for Exhaust Steam, Gases, Water, etc. Pipes and Ducts for Super 
Power Station Boiler Plant; Hoppers; Casings; Tanks; Flat Platework; Manipulated Platework of all kinds; Bed Plates and Frames for Machines, etc 











THE PHYSICAL SOCIETY 


44th EXHIBITION OF SCIENTIFIC INSTRUMENTS AND APPARATUS 1960 
at the Royal Horticultural Society’s Old and New Halls, Westminster, 
London, S.W.1. 


from Monday, 18th January to Friday, 22nd January 


Discourses : 5.45 p.m. 


Monday, 18th January ‘**Some Reactions of the Human Body to the Stresses of High 
Performance Flight ” by Fit. Lt. J. Billingham. 
Tuesday, 19th January ‘** Atomic Time” by Dr. L. Essen. 


Wednesday, 20th January ** Recent Advances in Solid State Physics ’’ by Dr. D. A. Wright. 


This Exhibition is a unique one in that emphasis is placed on new developments in scientific instruments 
and apparatus and on the possibility of new applications for the developments. Both exhibitors and 
visitors are not only willing but are anxious to discuss and gain insight into each other’s problems. 


A HANDBOOK OF SCIENTIFIC INSTRUMENTS AND APPARATUS 


of some 300 pages is published in connection with the Exhibition in which are included, in more 
detail than is usual in an exhibition catalogue, descriptions of the various items to be exhibited. 
Now ready, Price 6s. (2s. 6d. to Members); postage 2s. 


Tickets of admission free on application with stamped addressed envelope to: 


THE PHYSICAL SOCIETY, 1 Lowther Gdns., Prince Consort Rd., London, §.W.7 
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Great advance in rak design! 


ti ] Nl Imhofs new, modular Imrak series fills 
an outstanding need for a completely 
universal and flexible rack system. 
The new mr,ak International Rak is 


“ easily adapted for sealing, ventilating, 
on moving or baying-up. It can carry 
os British, American and Continental 


fixings. It packs flat for easy storage 

is or transportation. Infinitely adjustable 
le- inside frames are available which, 
with four plan sizes, give maximum 


ur 
flexibility. There is a choice of normal 
bes front panels, one-piece front panel or 
recessed front panels with removable 
TD. door. Panels can also be fitted at the 
AFFS rear. Side doors, too, are removable. 
A range of heights is available. 
r Super The new International Rak is made in 
BS, etc any of five standard finishes on very 


quick delivery. Other finishes to 
special order. Send for full literature 





NEW imrak internaw(i EU). . 


1 The strong, concealed lift- 2 The quick-release mechan- 3 Provision for fitting castors, 4 Pre-punched holes  per- 
off hinges, of patented design, ism allowing the rear door to obviating the need for mobile mitting speedy, accurate 
on the side doors be lifted easily off its hinges bases baying-up 


Alfred Imhof Ltd., Dept. N12 Ashley Works, Cowley Mill Road, Uxbridge, Midix. Mw A," Mv, A UW J Some Uxbridge 6231 





Export & London Showrooms: 112-116 New Oxford St., W.C.1 Museum 7878 
IMHOFS AGENTS OVERSEAS 











Australia: Aladdin Industries (Pty) Ltd, Denmark: Tage Schouboe, New Zealand: iImarex Ltd, Auckland C3 Lane ep my Walter Blum, Zurich 2/39 
Stanmore NSW Copenhagen N Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 
Belgium : Rogelec, Ghent 3 Finland: Oy Scienta Ab, Helsinki Portugal: Projectos e Construcoes Lda, Cleveland 3, Ohio 
— Canada: Measurement Engineering Ltd, Germany: Sunvic Regler GMBH Lisbon Brit. Guiana: Davsons Caribbean 
—— Arnprior Solingen Sweden: Elektroniund AB, Malmo C Agencies Ltd, Georgetown, Demerara 
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Stavely spun cast iron 
pipes with screwed-on flanges 
are being used increasingly 
wherever light weight and 
superior flow capacity are 
desired. 

They are especially suit- 
able for water pumping, gas 
plant, sewage treatment 
systems, power _ stations, 
chemical plant, general cast 
iron pipe surface installations 
and the shipbuilding industry. 


Telephone: CHESTERFIELD 7251 


TAVELEY SPUN FLANGED PIPES 


THE STAVELEY IRON & CHEMICAL CO. LTD., NR. CHESTERFIELD 





ROLLED 
STEEL 
RINGS 


IN CARBON AND 
ALLOY STEELS 


Leaflet giving full de:ails of 
manufacturing capacity 


available on request 


CGo00 


JOHN BAKER & BESSEMER LIMITED 


Kilnhurst Steel Works G.P.O. Box No. 3 
Rotherham Yorkshire Phone: Mexboro’ 
2154/7 & 3793 Telegrams: Tyres Mexboro’ 


London Office 
Locomotive House, Buckingham Gate, 
London S.W.1. Telephone: Victoria 5278/9 
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) 
\ oe jae wich Duratrak * 


for high-efficiency voltage control 


VARIAC is the original continuously- 
adjustable auto-transformer, providing 
a smoothly variable output voltage from 
zero to 17% above line. Ultra-low-loss 
‘rolled’ core and DURATRAK (patent) track 
surface give very high efficiency at all 
settings. A very wide range of models is 
available, from small units (e.g. type V-5, 


as single units or ganged assemblies of 
two or more units, for manual operation 
or motor-driven. The range includes 
portable models, metalclad models, 
dual-output models, high-frequency 
types, and many ‘specials’. 

*DURATRAK is a rhodium-covered, silver- 
plated track surface, which inhibits oxida- 
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Type V-SHMTF. a small variac for 
laboratory use. Output 0-270 V. continu- 
ously adjustable. from 230 V 50 c/s mains. 
Rated current 2 A. Provided with terminals, 
switch, fuse and 3-core lead. 





illustrated on right) for laboratory and _ tionof thebrush track and greatly reduces 
instrument use to large ganged assemblies 
for three-phase power. 


VARIACS can be supplied open orcovered, 


contact resistance, giving longer life, : ; 

For complete information on the 
entire VARIAC range, request 
Catalogue 424-UK 


increased overload and surge capacity 
and maximum economy in maintenance. 





Only VARIAC 
VARIAC and DURATRAK 
are registered trademarks has 


DURATRAK is protected by 
DURATRAK 


laude Lyons Mid. 





U.K. patent No. 693406 











ELD 76 OLD HALL ST LIVERPOOL 3 * Tel: CENTRAL 4641-2 VALLEY WORKS * HODDESDON « HERTS « Tel: HODDESDON 4541-4 
CL/46/E2A 


HIGH — punnact fabsicatidy AI |P 1 


The illustration shows a 


















complete heating unit for a 
high frequency furnace, which 
can be used without any risk 
of contamination from carbon. 
The unit is designed for 
temperatures up to 2000 C. in 
vacuum. The susceptor itself is 
fabricated in pure Tantalum, 
while the inner shields are 


made in Tantalum and the outer 





shields in Molybdenum. 


The unit shown was 

manufactured for the 
Research Department 
of Imperial Chemical 
Industries Limited, € 


Vetals Division. 





P33 


MUREX LIMITED (Powder Metallurgy Division) RAINHAM ESSEX 
Telephone: Rainham, Essex, 3322. Telex 28632. Telegrams: Murex, Rainham-Dagenham Telex 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Telephone: EUSton 8265 
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ANCIENS ETABLISSEMENTS 


AUBERT 


ET 


DUVAL 


A. R. J. DUVAL, SUCCESSEURS 


41, RUE DE VILLIERS - NEUILLY SUR SEINE 


TELEPHONE : MAILLOT 88-30 - R. C. SEINE 56 B 1399 
ADR. TEL. ; FALATLAS-PARIS - TELEX 20.655 


ACIERIE DES ANCIZES 


(PUY-DE-DOME) 


ACIERS er ALLIAGES 


REPONDANT AUX -EXIGENCES 


DI 


Maat 








industries 


Atomiques 


- International review for the peaceful 
application of nuclear energy 
A RENE KISTER PUBLICATION 


Annual Subscription 





12 numbers per year 


French francs 
Belgian francs . 
Swiss francs . 
U.S. dollars . 


Pounds sterling . 


\44 


510 
35 


1 

! 

I 

' 
4,150 , 
i 

i 

1 
8.50 1 
1 

a 
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INDUSTRIES ATOMIQUES 

is the only international technical and indus- 
trial review printed in French, which specialises 
entirely in nuclear and related subjects. 





INDUSTRIES ATOMIQUES is read by industrialists, engineers, technicians and 
chemists, heads of technical firms and by all those engaged in the world of science. In short, 
it is intended expressly for all specialists interested in research and in its practical realisation 


In view of its international character, INDUSTRIES ATOMIQUES is read and 
appreciated in countries all over the world. 

Up to date, more than 200 authors, all specialists, have honoured this review with their 
collaboration, and have contributed previously unpublished articles of high scientific value, 
abundantly illustrated. 

INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
brought up to date. The international information and the list of suppliers to the atomic 
industries printed in its pages will be found invaluable. 


Industries Atomiques Subscription form 


Subscriptions can be paid in the currency of the country at any European post office. 


We desire annual subscriptions, starting from 


, to be sent to (surname, Christian names, or 








firm’s name, and address). 





Method of payment 





Date and signature: 








(This form should be returned in a stamped and addressed envelope to 
NUCLEAR POWER, 3 Percy Street, London, W1.) 
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Production 
British, 
Service 
International 


West Instruments Ltd. provide a range of tempera- 
ture controllers, produced in Britain for inter- 
national markets in the plastics, metal, nuclear, 
ceramic, chemical and process industries. An 
efficient after-sales service is backed by speedy 
supply of spare parts by West representatives in 
major cities throughout the world. In this way 
West instruments, fitted to exported machinery, 
are assured efficient maintenance. 


West instruments are proving themselves invalu- 
able in countries as far apart as Holland and Hong 
Kong, India and Italy, New Zealand and Norway, 
South Africa and Sweden. Full details of equipment 
and services from: 


WEST: lrtummt. 


52 Regent Street, 
Brighton, Sussex. Telephone: 28106 
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CHIVERS 


are one of the civil engineering firms who 
have already made a great contribution to 
Britain’s lead in nuclear energy. We have 
completed all the building work for GLEEP, 
BEPO, DIMPLE, ZEUS, ZEPHYR, DIDO, LIDO, 
PLUTO, and the main accelerator building and 
laboratories for NIRNS. 





Photo by courtesy of U.K.A.E.A. 


In the pipo high flux reactor at Harwell a 


| high pressure water test loop has just been 


| commissioned for research on Pressurized 
| Water Reactors. Awarded yet another Atomic 
| Energy Authority contract, CHIVERS built 
| the shielded room, for housing radioactive 
components, to a design by the Ministry of 
| Works. 


W.E. CHIVERS & SONS LTD 


Building and Civil Engineering Contractors 





Associate of the West Instrument Corporation of Chicago U.S.A. | DEVIZES, WILTSHIRE tel: Devizes 121 
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OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c. .m, 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrur:ent 
control, it is essential that the air is free f-om 
oil in both droplet or vapour form. The (¥) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries, 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 





Illustrated is che twin cylinder mode} 


having a free air delivery of 50 ¢.f.m WILLIAMS & JAMES (ENGINEERS) LIMITED 
(© FOR IE OD 5-28 5 * ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 - TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER" 





for CATHODIC PROTECTION 








a es 


\ 


or WELDING INSPECTION 


call in MAPEL } 


METAL & PIPELINE ENDURANCE LTD., 


Artillery Mansions, Victoria Street, London, S.W.1. 
Tel: ABBey 6056 ’Grams: Metaldure, Sowest, London 


Divisional offices at Woolmer Green, Herts; also at Newcastle upon Tyne and Glasgow 
AGENTS THROUGHOUT THE WORLD 
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Power to lighta city —_ 


... when “‘Acheson’’ slows the neutron 


Out of the atom comes power—power for peace—power for industry— 
power to light our great cities. 

The tremendous speed of fission particles must be greatly reduced so that 
man can harness their energy. To achieve this in the Calder Hall Reactors 
specially pure **‘ Acheson” graphite is used as a moderator. 

In close collaboration with the United Kingdom Atomic Energy Authority, 
5,000 tons of ** Acheson” graphite conforming to an exceptionally strict 
specification for purity were supplied from current output for the Calder Hall 
‘A’ Reactor. This project demanded considerable production capacity backed 
by the highest technical skills and experience gained from many years 
producing ‘* Acheson”’ graphite for the British Chemical, Electronic and 
Mellallurgical Industries. 

Now at the threshold of a New Age of Atomic Power, British Acheson are 
already ahead with immense expansion programmes to provide ** Acheson” 
graphite for the new demands of Atomic Energy. Last year alone the capacity 


at Sheffield works was increased by 200 per cent. 
British Acheson Electrodes Limited is continuing to anticipate the changing 
trends and new demands of British Industry. 


TRADE MARK 


S R -™% FP KH | . a — The term ACHESON is a registered trade mark 





vay BRITISH ACHESON ELECTRODES LIMITED - WINCOBANK SHEFFIELD - PHONE: ROTHERHAM 4836 
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WILL SAFEGUARD 











REMOTE 3FLOW SWITCHES FOR 


COOLING WATER, LUBRICANTS, 








HEAVY 
ALLOY 


supplied in densities 
16.8,17.0,17.5, 18.08 /CC(nominai) 


-@ for screening purposes 
@ for balance weights 


This equipment consists of a flow transmitter in 









the pipeline connected to a simple relay unit. 
It is designed to prevent damage resulting from 
a failure in the flow of a vital liquid. 


Flowguard is available for 3” to 3” bore pipes and for flow 
rates of from 0.5 to 100 galls. per minute. 





Write for illustrated brochure Ne. 102 


OIL, CUTTING FLUIDS ETC. 


ANERLEY WORKS, LONDON, S.E.20 
Telephone : SYDenham 3111 




















Broad beam absorption”of Gamma-radiation 
from COBALT-60. Density: 16-8 g/cc. and 
18-0 g/cc. 





THE GENERAL ELECTRIC CO. LTD., Component Sales Dept., 





Osram Metals, East Lane, Wembley, Middlesex. Arnold 4321 


The above piece of G.E.C. Heavy Alloy was made for the 


United Kingdom Atomic Energy Authority. It weighs 660 Ib. 
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OKES GENSPRING 


PIPE SUSPENSION EQUIPMENT 
GHOSEN FOR 


TRAWSFYNYDD 


Atomic Power Construction Ltd., have specified our equipment for the 
support of the main ducting and pipe runs in this latest Nuclear Power 
Station. 





From Calder Hall and Chapel Cross, 
where our Gensprings are giving 
faultless service, all Nuclear Power 
Stations currently scheduled— 


BERKELEY 
BRADWELL 
HUNTERSTON 
HINKLEY POINT 


and now 
TRAWSFYNYDD 


will depend on VOKES GENSPRING 
equipment for trouble-free pipe 
suspension. 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LTD +> HENLEY PARK - GUILDFORD - SURREY 


Telephone: Guildford 62861 Telegrams: Vokesacess, Guildford. Telex: 13-535, Vokesacess, Gfd. 
A member of the VOKES GROUP with world-wide representation 
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WESTO 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
ditions. Enquiries should, if possible, be 
accompanied by full particulars of both 
control and local circuits. 


— 


Illustrated is the Model $170. Other types include the 
Model $124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 


SANGAMO WESTON LIMITED 
ENFIELD - MIDDLESEX 


Tel: ENField 3434 (6 lines) & 1242(6lines) Grams: Sanwest, Enfield 


Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 


Branches: London, CHAncery 4971 Glasgow, Central 6208 Manchester, Central 7904 
Neweastle-upon-Tyne, Newcastle 26867 Leeds, Leeds 30867 Liverpool, Central 0230 
Nottingham, Nottingham 42403 ~- Bristol, 


Wolverhampton, Wolverhampton 21912 
Bristol 21781 + Southampton, Southampton 23328. 


SW/67 
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WEA BRS HAL I; 


PULSE HEIGH 


ANALYSER 
TYPE H.S.100 


* Torsional delay | 
data storage w: 
computer reliabi| 


* Resolution const: 
or proportional 
amplitude 


* Background subtr 
tion 


* Analysis of pulses 
either sign from | 
mV to 50 V 


*% Binary and decimal 
storage 


* Both digital and an- 
alogue display 
% Storage capacity 2400 

digits *% Analogue readout and 
:; automatic printout 
* i using either adding 
machine or electric 

typewriter 


stability and 


*% Built-in precision test 
pulse generator 


* Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH ALI 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T:-P-G- 100 


Designed as a universal instrument for the development and general 
testing of electronic equipment. Extreme flexibility in use is achieved 
by virtue of the complete independence of the two channels apart 
from a common repetition frequency. The output pulses are fast- 
rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus. 

The “A” and “*B” channel output pulses are independently variable 
in amplitude, duration, risetime, delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 


MARSHALL OF CAMBRIDGE 
ELECTRONICS LIMITED 


THE AERODROME, CAMBRIDGE, ENGLAND 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il eat souvent difficile au client 
publicitatre d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas ot 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére @ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig far Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kinfte wilnschen, streichen Sie 
einfach die bestimmten N ummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
tionista di indicare in uno 
apazio ristretto tutti + particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qut 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacion, 
marque los ntmeros apropiados 
en la tarjeta opuesta y mandela a 
NUCLEAR POWER. 


Hudopmauna ana antateneA 
Yacmo 6vieaem mpyduo peraa- 
Mupyouum auyam Oaeamb éce 
mexnureckue nodpo6nocmu céo- 
ea npodyxyuu @ pexaame. Ecau 
Bam nonado6amca do6aeounnie 
ceedexua, mo nNpocmo omMemome 
coomeerncmeynwusue HOMEPG HG Ka- 
movwxe xa npomuseonosooncHoRn 
cmopoxe u omnpasome * 
NUCLEAR POWER. 
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i SUBSRCIPTION CARD N’ {0314 


| want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for 12 months/until countermanded: 


U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. 


starting with the _ 


NAME 


SEND TO MY HOME/BUSINESS ADDRESS ___ 


(C Subscription enclosed 


( Invoice me later 
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A VALVE VOLTMETER 
FROM 


eS = rH 
IF ” 


Penn Wns 


nith these 
OUTSTANDING FEATURES 
EXTREME SENSITIVITY 


accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
ImV. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM 10c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
IG@c/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


(including very low capacity screened leads and 
: probe) 


with this backing... 


Behind this, the most modern instrument in its 
sphere, is that specialist instrumentation skill and 


; . ” ” ” 
experience which has earned for all ‘Advance’ pro- Size : 43 x 74 x 63 
ducts a reputation second to none throughout the Weight . 7 Ib. 


Industry. From our up-to-the-minute factory at 
Hainault comes this latest addition to the world- 


famous ‘Advance’ range of instruments. 


Full technical details of the A dvancte 

‘Advac’ in Leaflet N 50 COMPONENTS LIMITED 
INSTRUMENTS DIVISION EET 
ROEBUCK ROAD + HAINAULT + ILFORD + ESSEX TELEPHONE : HAINAULT 4444 
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AUTO-KLEAN 
FILTERS ANYTHING THAT FLOWS 


AUTO-KLEAN a 
Self-cleaning plate- 
type filters for all 
liquids handling flows 
up to 150,000 gallons 
per hour and provi- 
ding positive defined 
mesh filtration with 
additional magnetic 
protection. 


AUTO-KLEAN CIRCO 
Self-cleaning strainers 
for water circulating 
systems handling flows 
up to 180,000 gallons 
per hour. 


AUTO-KLEAN KOTON 
Filters designed for 


AUTO-KLEAN MICOM 
Combined self-cleani: z 
plate-type filter and 
paper filter giving bot 
defined mesh and 
micronic protection f¢ 
lubricating oil system 
at flows up to 

6,700 gallons per hou 


AUTO-KLEAN LOLOS 

Wire-wound filters for 

the protection of 

hydraulic systems at 

pressures up to 5,000 

Ibs. per square inch. 
v 


~~ Pere ~ 
AY mm 









AUTO-KLEAN FLUSHFLO p> 
Self-cleaning wire- 
wound filters for 

fully automatic 
protection of water 

and oil circulating 
systems at flows at up 





depth filtration to AUTO-KLEAN WYMESH to 400,000 gallons 
defined micronic limits Special gauze filters for per hour. 

for all low viscosity fine mesh protection 

liquids at flows up to at flows up to 42,000 





5,000 gallons per hour. gallons per hour. 


AUTO-KLEAN STRAINERS LIMITED 
ENGINEERS IN FILTRATION 
LASCAR WORKS - HOUNSLOW - MIDDLESEX 

AUTO-KLEAN MICCM - AUTO-KLEAN FLUSHFLO - AUTO-KLEAN CIRCO Telephone: HOUnslow 7722 (10 lines) 





AUTO-KLEAN LOLOS . AUTO-KLEAN KOTON . AUTO-KLEAN WYMESH 





ENGINEERS!! 
TO BRITISH 
AND 




















FORGED 











buy from - STANDARDS 





FLANGES 


KIRKS- 


STAINLESS STEEL STUB NIPPLES 
AND OTHER PRODUCTS 


..andyou BUY BRITISH! 


FABRICATED = 
PIPEWORK a pe? 
IN STEEL, a 
STAINLESS Ee 
STEEL AND base 
yr r. ae on oan @ a OE - 5 8) ee oe 
COPPER 2s 
2 => 
Z — 74 82 PARADISE ST., LONDON, S.E.16 
| i —— 
a 


BERMONDSEY 3156 78 


— 


AN 


WALSALL : MANCHESTER PONTYCLUN 







MALLEABLE TUBE FITTINGS 
TO BRITISH STANDARD 1256 





- as British as the 
Flag 






THE HEART OF RELIABILITY 


152 Tick No 109 on reply card for further details NUCLEAR POWER December 1959 








The transfer of heat from gas to steam in large quantities and at high pressures, and all the technical, mechanical 


and manufacturing problems associated with that work has been our special problem since the days of the small 
power station boiler. 
Our activities in the field of nuclear heat exchange is a natural outcome of this experience. 
7 Flash welding an element for Hunterston. THE 
AUTHORITY 
THE SUPERHEATER CO. LTD. ON 
SUPERHEATED 
97, TOTTENHAM COURT ROAD, LONDON W1 STEAM 
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PROOF 
OF PALATINE 
PRECISION...I 






AAA 


“‘HI-PRESFLEX’ METALLIC BELLOWS 


Designed for use with corrosive liquids and gases, these bellows 
are absolutely reliable at high pressures and temperatures. 
Over 40°, movement (334°,, compression, 10°, extension). 
Normally produced in stainless steel, diaphragms can also be 
formed in any material capable of being welded. 

Typical applications include expansion joints, glandless valves 
and pumps, sealed pressure transmitters, pressure sensitive 
mechanisms. 

** HI-PRESFLEX ’’ BELLOWS have countless uses... 

in your equipment perhaps? Write now for details and 
specifications. 


PALATINE TOOL & ENGINEERING CO. 


(SURBITON) LTD. 64/76 BRIGHTON ROAD, 
SURBITON, SURREY. Telephone Elmbridge 7261 /3 





Where 
PYROMETRY 
prevails... 


Higher Process temperatures de- 
mand accurate thermal control, 
and reliable pyrometer sheaths and 
thermocouple insulators are now 
an essential, Thermal aluminous 
porcelain, mullite and pure re- 
crystallised alumina sheaths and 
insulators are used up to 1,500°C., 


1,700°C, and 1,900°C. respectively, 





for tempe rature measurements 
in gas, oil and electrically heated @ Thermal Fused Alumina and Fused Magnesia powders and cements are also available, 


furnaces, flues and pipelines. @ We also manufacture an extensive range of Vitreosil Laboratory Ware. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Telephone: Wallsend 6-3242/3 





Lonpon, 9, Berkecey Street, W.1. Telephone: Hyde Park 1711/2 
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So simple! 


So surely SIMPLIFIX 
the foolproof 





coupling! 


SIMPLIFIX 


Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner — 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2” o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 





No 


oe | NM Dp Li Fl X SIMPLIFIX COUPLINGS LTD - HARGRAVE RD - MAIDENHEAD « BERKS - TEL: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 


959 NIICLEAR POWER December 1959 Tick No 113 on reply card for further details 155 








Brobdingnagian 
or 
Lilliputian: 


It is improbable that Dean Swift had any 


thoughts about ball bearings in his curious 





romancings, but he would, we believe, 


[o be su re appreciate the well-balanced design and 
@ee 


fine finish of both our big and little 





fellows. 
Since 1750 GRAZEBROOK have served Industry and have 


been in the forefront of Industrial development. Today 


the company is equipped to meet the most exacting We have made bearings: as large as 5 ft. 
demands of modern industry and we invite you to contact 


us with YOUR particular production problems. diameter to support a locomotive 


turntable whilst their tiny counterparts, 
G RAZ E B sole] .4 some as small as 3 mm. diameter, may 
be used on a very high speed dental 
LEAD SHIELDING drill, or perhaps for an instrument 
where the need is not for speed but 


TESTOR VES extremely sensitive motion. a 


PRESSURE VESSELS = These Lilliputians Po / 
(STAINLESS STEEL AND 
ALUMINIUM) 














HY | 
Uf 


LLL Mi, 


Pee ssidd 


of engineering are 


held to B.S.I. 
CHEMICAL VESSELS - CALANDRIAS limits of accuracy or 





to the American 
specifications 
ABEC 3, 5 or 7. 





HEAVY MACHINING 
FACILITIES 


Plant and Machinery manu- 
factured tocustomers’ 
design, including the 
Chemical, Steel, Plastic and 
Rubber Industries. 





GREY IRON CASTINGS UP TO 20 TONS 


M. & W. GRAZEBROOK LTD | 
HEAVY ENGINEERS & IRON FOUNDERS B a L L B E & R I N G S Pa 


iS 


THE HOFFMANN MANUFACTURING CO. LTD, CHELMSFORD, ESSEX 


DUDLEY - WORCS 


Telephone: DUDLEY 5 243! Telegrams: Grazrebrook, Dudley 
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” WESTON 


Regd. Trade Mark No. 763106. 


OIL SEALS 


hy 
\ “XA wide range of types and sizes for every purpose. 
Over twenty years’ experience is at your service. 
™~ 
















Write for catalogueto: CHARLES WESTON & CO. LIMITED 


IRWELL BANK WORKS - DOUGLAS GREEN - PENDLETON - SALFORD 6 


TELEPHONE: PENDLETON 2857-8-9 BIRMINGHAM: ERDINGTON 5459 LONDON: HOLBORN 0414 
TELEX 66-255 TELEX 2-2682 
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Hundreds of Isomantles assist Nuclear 
Development at Capenhurst, Springfield, 
Sellafield, Aldermaston, Harwell and other 
Atomic Centres. 


Filter Shells and Reactor Vessels are 
heated by our “‘ ISOJACKETS”’ as shown in 
the illustrations, in some instances 

up to 800°C, 


HUTT 


Hi 


Isotapes—flexible electric heating tapes 
trace many thousand feet of process 
gas lines. 


Hii 


Isomantles have a wide range of uses. Can 
they help you with your special heating 
problem? 


Please ask for latest catalogue fully documenting 
our Industrial Heating Mantles, Tapes, etc 








ISOPAD LTD., BARNET BY-PASS, i BOREHAM WOOD, HERTS. 
Telephone: ELStree 2817/8/9 Telegrams: ISOPAD, BOREHAMWOOD 


Wyo son) S—— 


f 


NEUTRON SHIELDING 


HYDROBORD provides insulation 


against Fast and Thermal Neutrons 




















or combinations of both. 


William Mallinson 
and Sons i.td. 


130 HACKNEY ROAD - LONDON -: €E.2 


Telephone: Shoreditch 7654 Telegrams: ‘Almoner’, London 
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Special Applications 


















Since the early days at Harwell, Whartons have been prominent in 
the design and development of special-purpose cranes to meet new 
requirements in the atomic energy and allied fields, both in the 
United Kingdom and abroad. 
If your handling problem is unusual please give us the opportunity of 
discussing your requirements. Our Technical Staff is available to visit 
you at any time in an advisory capacity. 
THE 
REDDISH STOCKPORT ENGLAND. 
Phone : Heaton Moor 2227. re. Grams : ** Gallant, Manchester.”’ = Code : Western Union. 
Ra heen Temes Boi Fan 2 oe 
| i ; REPRESENTED 1° PRINCIPAL COUNTRIES THROUGHOUT THE WORLD aH 
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Turbine Casings, Steam Chests, Valves, 
etc., in carbon and alloy steels up to 15 tons 
weight and to any specification on 
ADMIRALTY, WAR OFFICE, LLOYD’S 
and other LISTS 


& ENGINEERING CO. LTD. 


Atlas Steel Works: Armadale, West Lothian, Scotland 
Telegrams: ‘‘Atlas Armadale, West Lothian’’ 
Telephone: 323 Armadale 
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in a 
very large 
range 
















an entirely 


NEW product 
of M.B.M. 






Available as straight and right-angle 
entries, bulkhead fittings etc. for opera- 
tion from 5 to 30 kv. Fully approved, 
Please write for our Comprehensive 
Booklet E.H.T.1. 


M. B. METALS LIMITED 
VALE WORKS 
PORTSLADE, SUSSEX 


TELEPHONE: HOVE 48623 
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PROTECT WITH 


A EE ORE | 


EPIKOTE RESIN BASED PAINTS @ 


By kind permission of the N.C.B. North Eastern Division 














Above :—Ammonium Sulphate plant at Manvers Main Coking Plant, treated with Evokote Type 10 
Below :— Maplewood floor treated with Evokote Type 20 at the works of John Mackintosh & Sons Ltd., Halifax 


Four air drying grades supplied to combat 
all types of aggressive and corrosive conditions. 


A PRODUCT OF ATED | OF STAFFORD 


Manufacturers of BITUGEL, EVODYNE and EVO-LED paints 


* SEND FOR LITERATURE EVODE LTD., (PAINTS DIVISION) STAFFORD. Telephone: 2241-5 


London Office: 82 VICTORIA STREET, S.W.I. Telephone: ABBey 4622-3 
JM-W.1ISR 
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* ry ra apie’ i? LIEBE 
ses se nN 
coe rs 
Ane > 
' we "St. 
FP ...about tanks * 

When industry enquires about the supply of road . 
tanks, transportable tanks and storage tanks, n.or 9 
often than not they enquire of Darham. es 
Technical Advisory Service f 
Darham are known for the dependability in +h 
constructing tanks for the transporting or storage of 
liquids and powders. Much of the success of a Darham 
tank can be attributed to the Technical Advisory 
Service of Designers and Engineers, who study every 
individual requirement. 
Solving the Problems 
They apply their knowledge and skill to the problems 
of achieving the maximum payload possible, J 
capacity, weight distribution, types of lining, insulation 3 
loading and discharging techniques. The result? we 
me ; ie 
The finest tank that man can conceive. og: 

5 . P P a 

, DARHAM build fine tanks in Mild Steel ie 


(suitably lined if necessary), 
Stainless Steel and Aluminium. va 





on DARHAM INDUSTRIES 
(=) <a ham (LONDON) LIMITED 
a 17 Surrey St., The Strand, London, W.C.1 


COVent Garden 0556 


WORKS: BASILDON, ESSEX AND DURHAM CITY 


‘“SPEEDIV/AG’ HIGH VACUUM ROTARY PUMPS 






























































VACUUM = 
MODEL a = Including INDUSTRIAL pumps with 
“Ballast | Ballast 
LABORATORY performances ! 
1SC30 0.01 | 32 | 
ISC5O 0.005 0.5 48 i , 
“Speedivac”’ pumps are quiet, 
high speed machines, protected 
ISC1SO 0.005 0.5 144 against contamination by gas bal- 
last operation and the use of 
1SC450 0.005 03 450 specially developed inhibited oils. 
They include both single and 
two-stage models and range in 
1SC900 ; 0.01 0.5 920 size from small bench pumps for 
the laboratory to large capacity 
151500 | 0.01 0.5 1415 industrial models displacing 
many hundreds of cubic feet per 
1SC3020 | 0.01 | 05 | 2830 minute. The larger pumps are 
fitted with patented and auto- 
© torr. mm Hg (BS.2951-1958) matic devices to prevent oil 
suck-back and a range of non- 
The table shows SINGLE-STAGE models return valves and magnetically 
only but TWO-STAGE models are also operated valves are available for 


‘ ‘ > the smaller models. 
available in every size. 


EDWARDS HIGH VAGUUM LTD., manor royal, CRAWLEY, SUSSEX, ENGLAND. Crawley 1500 
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lagonda tube cleaners are designed to 


remove all types of deposits from all types of tubes. 

The scraper head will clear tubes as small as 3” and 
upwards... drills from {” up will break down the toughest 
deposit. Expanding brushes, and sectional brushes 

will leave tubes from ?” up as clean as new. 

And for even smaller tubes, there is a wide assortment 

of drills and brushes. 


The illustration below is only a partial listing of 
Lagonda equipment, but enough to indicate that the 


scope of the Lagonda range covers just about any tube 
you may need cleaned. If you have a tough tube 
cleaning job, write for the Lagonda Catalogue No. Y-48, 








Scraper head Drill, for hard deposits 











Small drills, 
Expanding brush. for use with suspension cleaners 











, 


=z 
| 1300 Series motor 100 Series motor 














TUBE CLEANERS 


[¢ made by (Consolidated P Malina 


CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED - DAWES ROAD LONDON - S.W.6 


NUCLEAR POWER December 1959 Tick No 125 on reply card for further details 163 








Tick No 126 on reply card for further details 











Petes 

















A 


Sole Distributors in U.K. 


Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 


on-site radiographic examination 


in heavy industry, ship and 


bridge building, nuclear power 


and refinery construction — 


wherever complete and accurate 


weld examination is essential. 


The small focus (2.3 mm.) of 


the Macrotank H gives really 


sharp definition, with a 


penetration of up to 2}” of steel 


with Pb screens in reasonable 


exposure time. It is low in cost, 


reliable in use, and backed by 


full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 
of C. H. F. Muller, Hamburg. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 


(RCLO416A) 


REPAIR WELD—SAVE MORE 
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Trade Mark 





FREE ! 


See for yourself : 
Ask for 


112 page Welding Data Book. 


free demonstration and 








WITH LOW HEAT INPUT! 





** Little Hugh-Tec "’ symbolizes the unique 
advantages of Eutectic’s ‘“‘ Low Heat Input "’ 
process for joining all metals. 

The principles of fusion welding have been 
known and practised for thousands of years and 
during the last century many developments 
have been made in the techniques and appli- 
cation of heat. Unfortunately, the adverse 
effects on the base metal of the high heat 
input required for fusion are inherent and 
cannot be altered. In many cases, complicated 
after-treatment is required in an effort to 
restore the damaged molecular structure of the 
metal. 

Whilst ‘* Eutectic Low Temperature Welding 
Alloys '" use conventional weiding and brazing 
equipment, they are based on principles exclu- 
sive to EUTECTIC. Utilizing the phenomenon 
of surface alloying first discovered by the 
founder of the Company, J. P. H. Wasserman, 
in 1904, they give a bond below the critical 
heat range, which is better, faster, safer, re- 


Regd. Trade Mark applied for. 








EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX - Phone: FELtham 6571 
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ducing to a minimum the warping, distortion 
and embrittlement associated with conventional 
high-heat methods. 

Over 50 years of continuing research and 
development at the Castolin/Eutectic research 
centres in Switzerland and the U.S.A. have 
produced a range of over 100 alloys specially 
formulated for joining, machineable build-ups 
and extreme wear resistant overlays-all utilis- 
ing the *‘ Low Heat Input ’’ concept. 
Words cannot adequately convey the advan- 
tages of the method and the time, money and 
materials saved. 

You are invited to return the coupon below 
and see our products in action for yourself 
They have already achieved world-wide acclaim: 
Plants in London, New York, Lausanne, Paris, 


Frankfurt, Brussels, Vienna, Montreal, Johan- 
nesburg, Bombay, Melbourne, Tokio, Mexico 
City, Puerto Rico, Caracas, Lima, Sao Paulo, 


Buenos Aires. Repair Weld Sales and Service 
in 100 countries. 


eee aa aa ee 


se PLEASE SEND | 

Free welding data book | 

Technical Consultant for demonstra- | 

tion. | 

NAME 
BUSINESS 

ADDRESS | 

NP. 3BI 
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How costly is your guesswork ? 


Your margin of error is not likely to 
put you ‘ under the table’ in an ex- 
plosive sense—but may we modestly 
affirm that the KDG range of Pressure 
Resistance Transducers will ensure 





constant and accurate measurement. 
Complete elimination of costly 


guesswork is possible with the close 





accuracy of the KDG Pressure 
Resistance Transducer. 


There is a K.D.G. Instrument to meet 


your specific application 





“oh bd K.D.G. INSTRUMENTS LTD. 


4 CRAWLEY 


= “a In association with Stow & Partners Ltd. 
< KD t < MANOR ROYAL, CRAWLEY, SUSSEX 
7 ¥ 


My,LONDON y TELEPHONE CRAWLEY 25151 
| Abb oe 





London Showrooms, Service & Sales: 


100 Fleet St., E.C.4. Tel. FLEet St. 5354/5 













t HYDRAULIC 
T PLATE CURVING PRESS 


The press is made with dies varying from 3’ to 8’ long, 
but it will progressively curve plate edges of any length 


aon prior to rolling. The frame is of all welded steel construc- 
— tion and has two or more upstroking rams and cylinders. 
— These presses can be made to work from an existing 
pecially hydraulic supply or supplied with electrically driven 
wor self-contained pumps. 

advan- 

ne ond We also manufacture: 

below High Pressure Hydraulic Plant for Shipyards, 

ee and Railway Workshops, Plate Bending Rolls, 

Paris, Punching and Shearing Machines, Continuous 

—, Finishing Presses for Silks and Rayons, Veneer 

Paulo, and Plywood Presses, Cotton Bailing Presses, 

Service 


Die Spotting Presses, Pumps, Accumulators, 
Valves and Intensifiers. 


1 HENRY BERRY & CO. LTD. 
: CROYDON WORKS, LEEDS 10 











TEL: LEEDS 75481-2 GRAMS: “ RIVETTER LEEDS 10” 
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PROBLEM SOLUTION 










Process demands quick Installation of N.G.N. CU. 100 
regular access to a high Combined High Vacuum 
vacuum chamber Pump Unit 


Simple, single-lever control (giving Rough 
Pumping, Fine Pumping, Isolation or Air 
Admittance at will) results from the inter- 
locked combination of Mechanical, and 
Electromagnetic Valve Systems. Lengthy 
operation without supervision ; automatic 
re-starting when power supply is resumed 





Rotary pumps, diffusion pumps, valves, 


combined units—these are but a few from after failure, together with immediate and 
the very full range of equipment now being automatic isolation of the 
produced for the High Vacuum industry High Vacuum Chamber 
by N.G.N..... our technical services are during periods when 
being increasingly used to assist and advise power is cut (voluntarily 
on problems of High Vacuum. Why not or inadvertently), ane spec- 
make use of them—NOW. ial features of the CU. 109. 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 5611-2 














a, 
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MAKE LIFE EASIER 
with the PRICED 


STAINLESS’ STEEL /! | Re. Pemrnlin 
STOCK LIST /- 


Look first at the largest and most comprehensive 
Stock List in the Country. Mill prices 
and foot/lbs. weights are shown against 

every item. The stock list is revised 

and mailed every sixty days. Write 

or phone for your copy today. 


ANY QUANTITY AT MILL PRICES. 
AID-ARB approved. 


























TAYLOR STAINLESS METALS 


BRITAIN’S PRINCIPAL STAINLESS STEEL STOCKHOLDERS. LTD. 
BUCKINGHAM AVENUE - SLOUGH - BUCKS - TEL: SLOUGH 24551 and at UNION CHAMBERS, 63 TEMPLE ROW, BIRMINGHAM 2 TEL: Midland 1430 
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THE ‘AIR KING’ 
PORTABLE HUMIDIFIER 


An efficient, easy to install, 
most attractive air-condi- 
tioning unit for Offices, 
Stores, Standards rooms, 
Laboratories etc., - in fact, 
everywhere that cool, clean 
air is essential. Beautifully 
styled, superbly made. 


temperature 
control 
and 

air conditioning 
in 

industry 


THE ‘AIR KING’ STATIC UNIT 


Efficiently safeguards property 
and products from damp air by 
eliminating mould, mildew, rust, 
decay and warpage. Modern in 
appearance, economic in opera- 
tion, compact and portable. 











AIR CONDITIONING UNITS 


S. Direct your enquiries to: 


B.O. MORRIS LIMITED, BRITON ROAD, COVENTRY. Telephone: 53333 (PBX) 





Chart-Checked PLATE ROLLING 


for accurate estimating 
and exact operation 


BRONX Plate Bending Rolls are sup- 
plied with a capacity chart from which 
you can readily determine the complete 
range of widths, and set thicknesses 
and minimum diameters the machine 
will roll. 


A wide range of massively built Bronx 
Plate Bending Rolls give consistent 
accuracy with thinnest to thickest steel 
plates up to 25 ft. in width, and stan- 
dard machines cope perfectly with 
conical work. Catalogue on request. 


wis 


PLATE 
BENDING 
worcestersuirne | ROLLS 





This Heavy Duty 
Pyramid Rolls, nominal 
capacity 14’ 0” x 2” Mild Steel 

Plate, is installed at the works of 
Messrs. Edwin Danks & Co. (Oldbury) Ltd. Telephone: LYE 2307 & 2308 


BRONX ENGINEERING CO. - LYE 
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od 
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14 
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FEeLAYS 


TO SPECIFICATION 
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POST OFFICE TYPE 
3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards. 
Prompt Deliveries Prototypes within 24 hours. 

Post Office approved. All relays guaranteed made in our own works. 


P.T.F.E. insulation now available. 


Manufacturers to H.M. Government Departments and leading Contractors 
L. E. SIMMONDS LIMITED, § BYRON ROAD, HARROW, MIDDX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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Send us your enquiry for 
DESIGN — 
PROTOTYPE — 
PRODUCTION — 


We specialise in HIGH VACUUM— 
HY DRAULICS—U.K.A.E.A. CLEAN 
ASSEMBLY 


Fabrication and Controls for 
NUCLEAR ENERGY 
AVIATION 


MARITIME 
and 


CIVIL PURPOSES 


A.1.D. A.R.B. 


SANDALL PRECISION CO. LTD. 


WATLING STREET, BLETCHLEY, BUCKS 
Tel : 3456-8 PBX Grams : SANDALL BUCKS 
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Guard the heal:h 
of the welder wi :h 


The 


REGO 


— 


PORTABLE 
FUME EXTRACT )R 
UNIT 


Fumes from welding operations « in be 

pl , ob i » persister: and 
under certain circumstances inju: ous, 
This applies particularly when » ork- 
ing in confined spaces, affecting 
personal efficiency and general health, 
The Secomak Unit is designed to re- 
move these fumes from the vicin ry of 
the operator and transfer them to 
a place where they will not be a 
nuisance, 





Other applications of the Secomak 
Portable Fume Extractor Unit include 
the removal of foul air from tanks, 
ships’ double bottoms, etc., and the 
supplying of fresh air to men working 
in confined spaces anywhere. 


@ Removes fumes 


@ Induces fresh air 
from welding 


to vicinity of 


operations operation 
@ Improves @ Encourages 
workmanship increased output 


Write for Data Sheet 606/NP 


SERVICE ELECTRIC CO. LTD. 
HONEYPOT LANE, STANMORE, MIDDX. 
Tel: EDGware 5566-9 Telegrams: Secomak, Stanmore, Middx, 
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ENDECOTTS 
TEST SIEVES 







No Crevices to trap 
particles, frame and wire 
cloth are joined as one. 


Guaranteed 
Accurate — 
Manufactured 
under licence 
from the British Standards Institution. 


Mechanical Sieving is ideal with Endecotts Sieves—several simul- 
taneous tests are possible with intermediate receiving pans. 


British, U.S. Standards and Tyler Equivalents are 
readily available, many other international standards 
also supplied. 


‘*ENDROCK’”’ TEST SIEVE SHAKER 


saves valuable time and effort of skilled personnel, 
similar to manual motion but is more consistent 
having a regular mechanical action—a time switch 
controls the length of time for tests. 

We operate a Recovering Service—if sieving is 
important to your business, ring or write for literature 
—or for any advice you require—we'll be glad to help. 


ENDECOTTS (FILTERS) LTD 


Dept. A, Lombard Road * London, S.W.19 . 
Telephone: LiBerty 8121/2 * Telegrams: ENDFILT, LONDON 
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CJB 








CONSTRUCTORS JOHN BROWN LIMITED, AUTOMATIC CONTROL DIVISION 


INSTRUMENTATION BY CJB 


This photograph of the Control Room for the fast 
breeder Reactor at Dounreay typifies a CJB Automatic Con- 
trol Division Contract. 

The panels and the control desk were designed, manu- 
factured and supplied by us. These included the 80 ft. long 
Graphic Control Panel and Control Desk. 

We were also responsible for the site installation, cali- 
bration and commissioning for the instruments for the Fast 
Reactor and Chemical Plants. 

Our Instrumentation service covers design, panel 
construction, installation and commissioning for all instru- 
mentation and automatic control schemes—why not use the 
service? 


CJB HOUSE, EASTBOURNE TERRACE, PADDINGTON, LONDON W.2. 


Telephone: AMBASSADOR 8080 
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TO INDICATE CONTROL OR RECORD 
TEMPERATU 


Ps Lalas 


4 





For accuracy, ease of reading, 

long, trouble free life install Rototherm Thermometers, 

Controllers Recorders. Specialists in bi-metallic 
applications. 


robustness, economy and 


and 


Write for details 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO.LTD. 


Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factory: Hollis St., New Basford Nottingham 77847 
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ENQUIRIES INVITED 
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SCREW MACHINE PRODUCTS LTD. 


Wooburn Green, Nr. High Wycombe, Bucks. 
Telephone: Bourne End 1444/8 (5 lines) ~ 





NUCLEAR REACTOR PHYSICS 


an elementary course 


by JAMES F. HILL B.Sc. principal, Reactor School A.E.R.E. Harwell 


In response to widespread demands, we 
have reprinted the course in basic reactor 
for 
NUCLEAR POWER and published in serial 


physics which was specially written 
form during 1956 and 1957. The monograph 
has been revised by the author and forms an 
excellent introduction. (64 pp. in stiff boards.) 
Price : 


UK, 30s +18 3d Abroad $5 + 20c 


or equivalent 
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TO; ROWSE MUIR PUBLICATIONS LTD 
3 PERCY ST, LONDON WI. 


Please send me. 


PHYSICS 


—copy/s of Hill's REACTOR 


[-] | enclose 
[_] Please invoice me 


NAME 
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| TEST SIEVE SHAKER 
for 


Sifbronze Welds are 
Good Welds! Whether 


accurate 
for low temperature welding or 
for full fusion welding» particle size 
there is a 33-rod range analysis 
covering every class of 


gas-welding operation. 
Quality counts, and Sifbronze 
rods are first-quality 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days, Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves by hand 

is not only tedious but inevitably 

produces inaccurate results. 


rods and are made to 
BSS 1453 and BSS 2901. 


If you are not using Sifbronze, 
write now for full details. 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 

spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 


““SIBRONLE 
nigh WEDS TAY covering test periods up to 60 minutes. 
WELDED!” INCLYNO 
. Write or eT | THE PASCALL ENGINEERING CO LTD 


Crawley 25166 
SUFFOLK IRON FOUNDRY (1920) LTD., STOWMARKET, SUFFOLK. rowley 25166 for 8 twee ROAD « CRAWLEY - SUSSEX 





e_ 


says Will the Welder 
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THE “DAVISON” VACUMETER 


A Mercury Column Vacuum Gauge 
for accurately registering the absolute 
pressure within a Steam Condenser 










Fabricated by 






... the bodies for 24 
60” Tansphere Valves 
being supplied by 
Hopkinsons Ltd for 
Bradwell-on-Sea 
Nuclear Power Station 








% Standard Vacuum Gauges in Central Electricity ce —— i # °° °° ee ee ee 
Generating Board Power Stations. 


* Exported throughout the world and used on Turbine- 
driven Steamships. 


= DAVISON & CO. (HEXHAM) LTD. 


YARROW & CO. LTD 


SCOTSTOUN, GLASGOW, W4 








Mil 





(ENGINEERS) 
HEXHAM -ON- TYNE ENGLAND SCOTLAND 
Telegrams: ‘* Davison, Hexham.” Telephone: Hexham 7 
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CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :— 1 insertion 50/- per single col. inch 
6 insertions 47/6 per single col. inch 
12 insertions 45/- per single col. inch 


LINEAGE ANNOUNCEMENT RATES :— 5/- per line. 5% discount 6 insertions, 10% discount 12 insertions 
BOX Nos. :— 1/- extra will be charged 
COPY DATE :— Advertisements for January issue to be received not later than 14th December 


SITUATIONS VACANT 





SCIENTISTS and ENGINEERS 


for 


ATOMIC POWER 


The English Electric Company Limited in their Atomic Power Division at 
Whetstone near Leicester wish to fill positions in the Design and Development 
Groups concerned with Fuel Elements for Nuclear Power Stations. 


The types of Fuel Element include both metallic and ceramic fuels for liquid and 
gas cooled reactors. 


Previous experience in this field would obviously be an advantage but a sound 
knowledge of one or more of Elastic or Plastic stress Analysis, Heat Transfer, 
Reactor Design or Metallurgy is probably more useful. 


A formal education in the range from D.Phil to H.N.C. is desirable. 


The positions are permanent. Successful candidates will be eligible to join the 
Company’s superannuation scheme after a short qualifying period. Assistance 
in house purchase will be available. 


Interested applicants are invited to write to: 
Dr. H. S. Arms, Chief Engineer, Atomic Power Division, c/o Dept. C.P.S. 
Marconi House, 336/7 Strand, W.C.2 quoting reference NP 1896F. 














BATTERSEA COLLEGE OF 


TECHNOLOGY, 
MINISTRY OF POWER LONDON, S.W.11 
INSPECTORATE OF NUCLEAR INSTALLATIONS (A College of Advanced Technology) 


Applications are invited from graduates 


Senior staff are required for a new organization being set up under Nuclear Installations of a British University fora Lectureship 


(Licensing and Insurance) Act, 1959. The duties will include the safety assessment of all : antes . . . ke 
proposals for Nuclear Installations and the inspection of such installations during construction in Electrical Engineering. Candidates 
commissioning, and operation. The initial need is for: should have industrial experience and an 
5 PRINCIPAL INSPECTORS (salary £2400-2700); applicants must have Hons, degree in interest in research. The salary is in ac- 
physics, engineering, or mathematics; engineering candidates must also be corporate members cordance with _ the London Burnham 
of their professional institution; Scale, £1,408 rising to £1,601. Candidates 
14 SENIOR INSPECTORS (salary £1840-2120); applicants must normally be at least 37 and with experience of a similar standing will 
have Hons. degree in engineering, physics, chemistry, metallurgy, or mathematics, or corporate receive increments above the minimum 
membership of the appropriate professional institution, 


of the scale. Further particulars from the 
Candidates without the specified qualifications but with very high scientific or professional Clerk of the Governing Body by whom 
attainments may also be considered for both Principal and Senior Inspector. applications should be received as soon 
All candidates must have had considerable experience of responsibility for research, develop- as possible. 

ment, design, operation, or inspection connected with large-scale engineering plant, and 
candidates for the Principal posts must have had experience of leadership cither in scientific 
or engineering work or in industrial management. Experience in nuclear work is desirable but 
not essential at this stage, and candidates without this experience will be given the necessary 
training on appointment. The posts are for men only. 








Telephone your classified 
For further particulars and application form apply to Civil Service Commission, 17 North 
Audiey Street, London, W.1, quoting $5061/59/10. Closing date 18th December, 1959. advertisement to 


MUSEUM 8252 
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SITUATIONS VACANT 





NUCLEAR ENGINEERING 
FOSTER WHEELER LTD. REQUIRE 


further staff for Research and Development Department 


GRADUATE DESIGN ENGINEER 
for work on novel projects connected with nuclear steam gener- 


ating plant. 


Preferred qualifications are a good engineering degree and some 
experience of the practical aspects of design and operation of 


high-pressure steam plant. 


Commencing salary in the range, £850-£1,100 per annum. 
SENIOR INSTRUMENT ENGINEER 
for work on novel projects connected with nuclear and conven- 


tional steam-generating plant. 


Responsibilities will include general instrumentation of test rigs, 
formulation of project instrumentation proposals, and testing and 
evaluation of new instruments. Automatic control aspects will also 
be included. Degree or equivalent standard is desirable. Commenc- 
ing salary in the range, £1,050-£1,400 per annum. 

Applications, giving details of age, qualifications and experience, 
should be made in writing to, 


Staff Manager, 
Foster Wheeler Limited, 
3 Ixworth Place, 
LONDON, S.W.3 








THE UNIVERSITY OF 
MANCHESTER 


Applications are invited for the 
posts of SENIOR LECTURER 
and LECTURER IN ENGINEER- 
ING (Mechanical). Preference will 
be given to candidates with a major 
interest in Applied Thermo- 
dynamics or Applied Mechanics, 
especially Theory of Machines. 
Some experience of Mechanical 
Design would be an advantage. 
University regulations _ permit 
teaching staff to read for the de- 
grees of M.Sc. and Ph.D. The 
salary scales per annum are as fol- 
lows: Senior Lecturer, £1,700 to 
£2,050; Lecturer, £900 to £1,650. 
Membership of F.S.S.U. and Child- 
ren’s Allowance Scheme, _ Initial 
salary according to qualifications 
and __ experience. Applications 
should be sent not later than 
November 28th, 1959, to the Reg- 
istrar, The University, Manchester, 
13, from whom further particulars 
and forms of application may be 
obtained. Applications by airmail 
(no forms) will be considered from 
overseas candidates. 





AT YOUR 





SERVICE — WHEN YOU NEED AN EXPERT 





SPECIALISTS IN 
ENGINEERING PROBLEMS 
large and small 


* 

P. & M. RESEARCH 
Consultants (Electronics, Physics, 
Electrical) 

79/81 Nile Street, London, N.1 


C. W. GARRETT & SON 


tor 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


s 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 


Telephone : ISLeworth 4433 (4 lines) 





R. & J. PARK LTD 
Dominion Works, Chiswick 
England 


* 

Export packers, shippers and for- 

warding agents. Specialists in 
packing heavy machinery 








IMMEDIATE CAPACITY AVAILABLE 
@ PLANING 6 ft. by 2 ft. 6 in. 
@ BROACHING 
@ GEAR CUTTING to 24 in. 
MAURALL ENG. CO. 
38-40 Upper Clapton Road, 
London, E.5 
Telephone: AMHerst 6163 








L 


METAL SPINNING 
IS OUR SPECIALITY 
to 9 ft. diameter 
Hydraulic and flow turning for heavy 
gauge stainless steel, etc. 
SHAWE METAL SPINNERS 
Dominant Works, Elthorne Road, 
London, N.19 
Telephone: ARChway 6631 


In London or elsewhere 
make your hotel reservations 
through 
HOTAC 
the time and money saving 
HOTEL ACCOMMODATION SERVICE 
93 Baker Street, London, W.1 
WELbeck 2555 


MANCUNA ENGINEERING 
LID 
DENTON, MANCHESTER 
SPECIALISTS tN GAS CLEANING 
AND DUS’ TECHNOLOGY 
District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 








Technical Translations 
PERSONAL, PROMPT AND ACCURATE 
ATTENTION TO ALL YOUR 
REQUIREMENTS 
THE WESTMINSTER 
TRANSLATION BUREAU 
M. DANDO, M.A, D. S. TAVENER, F,I,L. 
24 Wardour Street, London, W.1 
Te..: GERrard 4745 





SHEET METAL WORK 
All Materials - Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. Collyhurst 1773 
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X-RADIOGRAPHY 
of welds and castings offered up to 14” 
thickness, also high vacuum test facilities. 
IMMEDIATE SERVICE 
THOS. RYDER & CO. MANCHESTER 
LTD., 
COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 





Transformer Manufacturers 
Coil Winders 
Cable Formers 
rs 
Electric Windings (London) Ltd. 
245 Mile End Road, London, E.1 
STEpney Green 5324 


GAMMA RADIOGRAPHY OF PIPELINES 
GAMMA AND X-RADIOGRAPHY OF 
TANKS AND PRESSURE VESSELS 
Weld examination to Lloyds, etc. Quick, 
efficient services available for work on 
site now. 

GAMMAX (LONDON) LTD., 

Cecil House, Wharfdale Road, 
London, N.1 
Telephone: TERminus 0677 and 6925 








SPECIALIST SUPPLIERS OF 
CUT-AWAY NUCLEAR MODELS 
INCLUDING FUEL ELEMENTS 


s 
MINIATURE ENGINEERING 
(LONDON) LTD. 
Palace Chambers, Bridge St., London, 
S.W.1, TRAfalgar 5150 














MACHINING CAPACITY, for small preci- 
sion turning, Vertical and Horizontal Mill- 
ing, etc. Prototypes and Special Purpose 
Machines, Press Tools, Jigs and Fixtures. 
S. & H. Bryant & Co., 284 High Road, 
Willesden, N.W.10. Tel. WIL 2323. 











ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 


ALPHAMIN LTD. 


4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 
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STAINLESS TUBES & FLANGES | 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


>t Ot OF OF 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 
STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ‘phone 1522/23. 
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Bring light 
and calm to your office 
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Give your office the light airiness and calm efficiency 224i Me 


that cuts out noise and unnecessary bustling (and also 
impresses visitors) by installing Norwood ‘Double Skin’ 
flush office partitioning. | Norwood ‘Double Skin’ is 
modern and dignified in appearance, simple and inex- 
pensive to instal and imparts to offices and showrooms 
an immaculate effect and contributes to the reduction 
of sound throughout the office floor. It has been es- 
pecially successful in achieving a high degree of 
sound insulation when used in conjunction with modern 
acoustical tiled ceilings and double glazing. 


Write or phone for our new 36 page 






brochure, or better still visit our new 
showrooms and see a complete range of 
Office Furniture, Storage Equipment 


and Partitioning. 


NM 


NL 


CNSE) NORWOOD STEEL EQUIPMENT LTD. 


149, Borough High Street, London, S.E.1. Phone: HOP 5033 
SHOWROOMS AT BIRMINGHAM, MANCHESTER AND BRISTOL 
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Hayward Tyler glandiess r c tor units were ordered 
through Head Wrightson & Co. Ltd. for the Materials 
Testing Reactor and through John Thompson Water Tube 
Boilers Ltd. for the Fast Breeder Reactor at Dounreay. 
A total of seventeen Hayward Tyler pumps were supplied 
and we illustrate one of the 60/70 HP stainless steel pumps 
for circulating heavy water 


HAYWARD TYLER 


& CO. LTD., LUTON, ENGLAND LUTON 6820 


LONDON OFFICE: SALISBURY HOUSE, FINSBURY CIRCUS, E.C.2 NATional 9306 











